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Abstrt a

The use of renewable resources helps redeicanceon fossil fuels, improve global
energy security, and address environmental challenges, including climate change.
Building Integrated Rotovoltaic (BIPV) is on the rise because it serves the dual
purpose of power generation and coordination of the indoor environment. This study
demonstrates an analysis of energy innovation by BIPV ofatfa@leof Kathmandu
Valley buildings. Research is focused on comparative analysis of placements and types
of BIPV in appearance that produce maximum energy. For this purpose, various types
of BIPV have been studied and the appropriate type has been used for further
calculations. PV sizing is conducted to build a manual calculation case, and for
comparison, computdyasel energy simulations were also performed using various
software. Theoutcomesshow that placing BIPVs ahaximum efficiency on the east

and soutfacade of the case building reduces 46.5% of the total monthly consumption
units. Exterior energy innovationgith BIPV can significantly reduce the building's

monthly bills and serve as future energy mixes

Keywords: Building Integrated Photovoltaic, Energy Retrofit, Solar energy,
Building facade
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Chapter 1. |l ntroducti on

1.1. ConteBaokground

Renewable energy is the face of the future of energy. Renewable resources and
knowledgebe able tde well utilized tobalancesome or all of a building's eleal

and thermal energy loadccording to the new policy scenario of the International
Energy Agency around the woyldower demand will increase by about 80% between
2012and 204Q Elhalwagy & Ghone, 2017)The IEA believes that the clean energy
revolution is critical to the world in breaking our dependence on fossil fliethay

more than half of the world's populatimnin towns and by 205@hat will almostdouble

to a projected6.4 billion people. Most of thgrowthin city population occurs in the
averageclass and lowncome countries, where new risks are created and their ability

to carry out existing risks reinforced by global urbanratign is limited.

These rebellions improveniversalenergy securityencouragesustainabldinancial
progressand solveecologicalproblems such asnvironmentchange. This breaks the

long connection betwedmancial growth and carbon dioxide (CO2) essions. The
demand for energy harvesting technology is increasing as we continue to seek more
environmentally friendly and efficient solutions. Engineers have created a variety of

methods, including solar panels, wind turbines, and hydropower.

Given the cuent technology and market conditions, the nfasbrablerenewable
energytoolsfor generating electrical energy in buildings is solar powéntovoltaic
(PV) systems are frequently considered for rooftop installation, with facades being
overlooked duéo their unfavorable inclinatio(Freitas & Brito, 2019)However, PV
facades can not only deliver a clean image to the building, but also function as an

optimization of distributed power.

In photovoltaic technologyBIPV techrology integrates the functions of the building
envelope an®V modules into the building envelod&@ PV is considered as a building
material with added PV functions to contribute to envelope functions such as
mechanical stability,water tightnessnoise rdection, insulation heat reflection,
shading, etcBuilding envelopes to which tH&/PV module can be used orrangeof
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building envelopes, the majority of which are spread on the building fagcade, which
grows in sizeas the building rises in heigfitadav & Panda, 2019)f a PV structure

is integrated into a building, a compromise must be found between the photovoltaic
technology requirements of the PV system, the traditional functions that the building
envelope must meet, dnhe aesthetic needs of the buildimge degree of integration

canvary widely, and it is difficult to evaluate.

The use of BIPV is widely recognized for the popularization and acceptance of PV. PV
avoids the use of land for energy systems and redueeogh of capital of the system

by providing various purposes for mple functions of PV components, for instance
double use of the outsurface of the buildingespecially from an architectural design
point of view, building PV can transform a PV moeluhto a familiarappearance of

glassor a sloping roof that is better accepthdn a traditional bulky PV module.

The energy integration of BIPV systems is an important aspect related to the new
conception and energy supply of buildingke orientatiorof the PV modulestrongly
influencesthe performance of BIPV system$o support the energy transition, energy
innovation in the building stock plays an important role, and the application of local
renewable energy systems, such as solar power, is emporheseenergy supple
buildings consume, produce, store and supply energy.diversetypes of modules

used in BIPV include insulating PV glass, tailored PV modules for exterior ventilation,
waterproof PV membranesd metal sheets with PV moduléstegrating solar power
systems into the national power grid can reduce losses in transmission and distribution
lines, increase grid resilience, reduce power generation costdearghs¢he need to
finance in first-hand utility generation capacityThis hdps policyma k eaf bdal
government of the region work with respective proving@lernment strategists under

the central governmenf Nepalto manage their energy systems.

1.2. Need

Buildings are among major contributors of greenhouse gases and conswrénidpan

40% of total primary energjAgency, 2011)Due to the high population density of the
world, buildings are being built rapidly. Buildings that are considered a high energy
consumption set, especially when considetimgexisting building stock. Large glass
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openings on the buildinfacadeabsorb solar radiation from the sun, reducing indoor
air quality. The south facade of the building can be used for power generation using
BIPV instead of glass windows. Therefordsihecessary to remodel the energy of the

existing building.

BIPV is clean, renewable and produces-g@ndly energy production. Building
integration not only saves the space and cost required for separate mounting structures,
but also has the advantagfeincluding aesthetic improvements obtained by integrating
renewable technology into the building's architecture. Most BIPV systems interface
with the available utility grids. The advantage of the grid BIPV system is that the
storage system is basicaflge in cooperatiomtility policy. It is also totally dicient

and has unlimited capacity. Both building owners and utilities are profiting from grid
BIPV. Solar contributions reduce the energy costs of building owners, while exported

solar power helpsupport the grid during periods bigedemandf energy.

Electricity produced by Nepal's hydroelectric power generation bussefienshort

supply throughout the four seasons. Trade electricity in India, a neighbor during a
power shortagels essentialbackup in circumstances of shortage to fulfill the
prerequisite demand'he BIPV system helps reduce these transactions and save the
huge amount of money that must be paid to neighboring countries for energy exchange.
There is also the need to diversifyeegy sources to enhance energy security. Therefore,

it could be one of the important commqants of the future energy mfkreitas, et al.,

2020)

13. | mportance

Firsty, Building Integrated Rotovoltaic (BIPV) will help the coungts infrastructure
development because it will generate electricity. Not only that, it also increases
industrialization. Declining electricity imports in India, the road to a-rshént
country. This technology can be easily used by the general puldie@nomic
benefits can be obtained from the government through various incentive schemes. More
energy production is to increase the country's energyedelhce. Solar energy has the

least environmental impact compared to other energy soutcdses ot generate
greenhouse gases and does not pollute water. Being a renewable energy source, it
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promotes a healthy environment, minimizes the use ofrenewable energy sources

such as petroleum products and gas, and ultimately helps clean the atmosphere.

BIPV can be used as a new material for the facade of buildings contributing to the
architectural field. Thanks to new manufacturing processes, BIPV systems have
evolved into innovative and attractive building materials both in urban and rural areas.
The wice variety of colors, textures and formats currently available can be seamlessly
integrated into roofs and facades to add aesthetic value to the building. Integrating PV
systems into the national grid can reduce transmission and distribution line losses,
increase grid elasticity, reduce power generation costs, and reduce investment

requirements for new utility power generation capacities.

14. ProbSeat ement

Developing countries like Nepal need to refrain from using fossil fuels and focus on
renewable energgnd energ\effectivenesso meet the growing demand for energy
according to theaper released in an event2019from World Wildlife Fund (WWF).
There is a big straibetween energy supply and demand. Vulnerability of supply and
reduction of foreign extange reserves due to existing dependence on energy imports.
Nepal is growing overly reliant on fossil fuels; petroleum product imports against
Nepal's commodities exports have increased from 24%04 2 over 200 percent in
2019(MoF, 2018/19)Nepal, on the other hand, relies primarily on hydropower for its
energy demand. Solar and wind are recognized as important comfgemanlving

the energy crisis.

With rapid population growth, there is increase in commercial buildamgsWith
increasing economic activities, the need for energy (especially fossil fuels) is growing
faster in the valleyalong with other suburb regions like Pokhara, Biratnagar, Dharan,
Dhangadhi, Janakpur, Itahari and other provincial capitals than imetiteof the
country. BIPV system can be used for the alternative source of electricity for the
buildings.The BIPV system can be used as an alternative power source for buildings.
With BIPV, theextentof solar radiation is abundant and it helps develogn®PV is
increasing to regulate the indoor environment and fulfill the dual purpose of producing

electricity.



According to a studgloneby Ng & Mithraratne, 2014the energy payback period of
PV glass is shorter than 2 years, and the lifecycle perfarenaf six translucent
commercially available BIPV windows in commercial buildings in Singapore
compared to typical doublglazed windows in terms of environmental and economic
performance. Later on, the analysis came to the conclusion that energy imiestme

yieldedwere more than 35 times higharreturns.

15. Rese®bgrctives

General Objective

Thegeneralobjective of thehesis workis to energyretrofit the ficadecurtainedwith

BIPV of a commercial building in a context of Kathmandu valley.
Specific Ohective
The specific objectiveshat could be the basis of this topie summarized as follows:

1. To find thetype of BIPV that can be used in the buildingrf maximum
generation of energy.

2. To calculate the power generation fr@iPV systems used itme buiding.

3. To analyze the cost as well as payback period of the BIPV used in the fagade of
the building.

16. Exped®©tuegut

This researclfound out suitable material that can be used in BIPV system. As the glass
of the facadevasreplaced i the BIPV, this reseah helpedind the correct angle of

the PV segments placed as louvers in fagade of the buikbnthat it captured
maximum sunlight. This studglso calculaté the energy generated by the BIPV and

energypayback period after using BIPV.



17. Li mi t@ft iebmSt udy

Due to theime limitation the studywasfocusdonly on the selected place and not for
whole municipal area. This study also does not account for the product components
itself. Different components and materials of solar PV could generate i@difénergy
output, regardless of the variable force. As well ag,researclloesnot include the

manufacturing processes of BIPV.

18. Val idfi tRResear ch

The literature review is done in order to indicate validity of above mentioned research
purposeThere are many researches done in this topic all around the world but not in
our contextThis research will bring use of BIPV to the cities and helps NEA grid with
the electricity generation through lilinlike water, sunlight is abundantly available
regardles of the season, so electricity can be stored and used later. BIPV is now a
necessity in the future, given fossil fuel consumption trends and increasing urban trends
in most parts of the country. If we do not consider alternative energy to meet the
demand,it will be very difficult to meet the future energy demand. Although not
promised that BIPV will meet all demand requirements on its own, it may be considered
one of the major competitors standing as an alternative to fossil Tirdsresearch is

suitabde for the study.



Chapter 2. Li t erRetvureew

21. Hi storical Background

2.1.1. Chronological Development of SolaiPhotovoltaic

The sun has been the ultimate energy source since the beginning of life on Earth. It
traces the unconscious utilization of all living things &skil energy to a constantly

coherent shower of sunlight. But the big part started when humans started using energy

to transform it into other forms and use it in more versatile Witys solar panels was

first di scover ed bGChapiB Eutdeq ane Pealsdn ©f BdlliLabs o v e r
invent the first solar céllin 1839. In 1954, Photovoltaic technology vaevelopedn

the USby Daryl Chapin, Calvin Fuller, and Gerald Pearsorthe form of silicon
photovoltaiccell at Bell Labsthe first solar celtapable of turning enough sunlight into

electricity to power everyday appliances.

In 1964, NASA launched the first Nimbus spacecraft of satellites driven by-aat70
photovoltaic array. In 1998, Subhendu Guha, a prominent scientist in pioneering
researh in the field of amorphous silicon, invented the stdtéhe-art flexible solar

cell roofing material, a roofing material that converts sunlight into electricity. BIPV
construction products specially designed to be integrated into building face were
comnercialized in the 1990s. BIPV first appeared worldwide as roof integration in
1985 in Germany. Again, Germany underwent the first frontal integration in 1991. In
recent years, Germany still considers itself a global leader inntagjrated solar cells

ard has pioneered the largest global market for solar systems. Similarly, in 2000,
world's largest solar power manufacturing plantPierrysburg, Ohiopegan solar
energy production, which is estimated to be capable of producing enough solar panels

annuallyto produce 100 megawatts of electricity.

Several nations have pledged to put sun's radiation at the core of their energy policies
and to use solar power to meet a large portion of their solar energy ddPaaea.
generation from solar PV l&as approximatg increasedy 22% to 720 TWhDue to
these increases, photovoltaic power generation accounts for almost 3% of the world's

electricity poduction.PV generation has surpassed biofuels to become theldngest
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source of sustainable electricity after hyelectric power and wind turbineSolar
power surged in Southeast Asia as Vietnam's new capacity surged from 0.1GW to
5.4GW. Additional capacity will increase in the US, European Union, Latin America,
Middle East and Africa, offsetting China's downtusgdther and PV placement record
year with 109GW installed in 2018's worth noting that in most nations, government
support courses and grants have fueled the expansion of solar power.

2.1.2. Solar PV development Trend in Nepal

Solar energy has a long historgtishg back to the 1960s, when it was initially used to
power transceivers by the Nepal Telecommunications Corporation. The Civil Aviation
Administration and traffic signals also utilized it. With the help of SELF/USA, the first
solar power system for hontighting was installed in 1993 his Solar Home System
(SHS) includeceach systerof 36 W PV panel 70 Ah battery. In Pulimarangfehahu

area, a 10 W tube light was put in 48 housHse centralized power supply by
photovoltaic power generation was impkemed by Nepal Electriky Authority (NEA)

with the support of the French government in 1988 to build a concentrated solar power
system in three placelst Pulimarang hamlet in Tanahu area, a 10 W tube light was put
in 48 housesHowever, neither of the syems are operational at this time 2018,
construction of a solar energy plant (25MW) began in the Nuwakot district. In 2019,
Nepal 6s D e&Eraricity Degetopmehpproved 56 solar power planighich

has been growing in recent day$e fall in the price of solaPV modules on the
worldwide marketplace and the good purchase prices of electricity from NEA attract

the private sector to develop InternatioRaliciesabout Solar PV

Different countries around the world have different policiesiagothe world. Some

are discussed below:

In France, ltere is a Feeth-Tariff system where selfonsumption is not allowed. The
entire production needs to be fed back to the grid. Charges for every kWh generated
ranges from 11to 72c U/ k Wh d e ghe siz iofrthg system. TIRT Thermal
Regulation aims to limit energy consumption in new residential and commercial
buildings. This is in response to the application of some of the efforts to better manage
energy consumption aefinedin the Grenelle Bvironmental forum.
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In Germany, lhere is a specific finamal support mechanism calledéfantElectricity
Surcharges" for real estate owners who sell solar power to tenants residing in buildings.
Power must be supplied and consumed withe building itself, and grid injection is

not supported.

In Netherlands, it allows collective community solar where citizens can invest in big
installations and are exempted from the energy tax and VAT up to a maximum of
10.000kWh(ICARES Consulting, 2019)

Solar panel innovation is a stated priority in China's fear Plan ipcludes
manufactured single crystal silicon cells with a minimum efficiency of 23% and
commercialized multerystalline silicon cells with a minimunffeeiency of 20%). Its
government invests considerably in solar energy research and development in order to

achieve these and other objectiyBall, et al., 2017)

In India, both the central and state governments proviogdias to people who install
solar rooftop systemd-or these schemes, the government gives a 30% grant to
countries in general areabhe national government provides up to 70% subsidy to
special states such as Uttarakhand, Sikkim, Himachal Pradeshy Xakashmir, and
Lakshadweep. Without a subsidy, the typical cost of installing a rooftop PV system
should be between Rs 60,000 and Rs 70,000. To qualify for a gendrased
incentive, the consumer must generateveen 1100 and 1500 kWh per yéaoom
Solar, 2021)

22. Energy Retrofitting

Energy rérofitting of existing buildings is aopeful action plan todecreasethe
environmental impact of the building environment due to the low energy performance
of existing buildings andhe low expansion andonstructionrates of developed
countries. Reovation retrofit or remodeling of existing buildings represents an
opportunity to upgrade energy performance during the continuous life of the assets of
a commercial building. Remodelingare often improve energy efficiency, reduce
energy demand, and include modifications to existing commercial buildings.

Rerofitting may also be used at the right time to install distributed power generation in



the building. Improving energy efficiency willnot only reduce operating costs,
especially in older buildings, but can also help attract tsnand secure market

advantage.

23. Sol ar Photovoltaic System

A photovoltaic (PV) system is a system that captures the energy of the sun and converts
it into usefulenergy, electricity. It can be defined as a system consisting of multiple
solar panels combined with inverters and other electromechanical hardware that uses
solar energy to generate electricity. PV systems can be of different sizes, from small
rooftops orportable systems to large utility scale power plants.

Light hits the solar panel with photons (solar particles). Solar panels convert these
photons into electrons, or direct current. Then electrons flow through the conductor to
the various devices. A sl power system basically consists of two component modules
and a Balance of System (BOS). The material responsible for making this
transformation is called a ceBatteries, inverters, and other accessories are among the
BOS components.Electronic compoents Charge conbllers, cables,system
installation, and management are ahis that need to be consider&tie four basic

components of solar poware:
PV Array :

A solar panel is a set of specialized silicon cells to produce sun's energy anftss the
element of a photovoltaic power grifl.solar panel is a set of specialized silicon cells
to produce sun's energy and is the first element of a photovoltaic poweNged. a

photon hits the surface of a thin silicon wafer, it creates an electrantu
Batteries:

Batteries are evaluated in terms of the amount of current they can supply in a matter of
hours, or amyhours (Ah). The design should ensure d@mopr capacity sufficient to
account for periods of bad weather. An additional' b&pacityseems to be sufficient

to cover this situation.
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Inverter:

An inverter is an electronic device or circuit that converts direct current (DC) to
alternating current (AC). Input voltage, output voltage, and frequency, as well as overall
power processing, depd on the design of the particular device or circuit. Power is

provided from the DC sourc&he inverter does not generate electricity.
Charge Controller :

The charge controller is used to control the charging of the battery. The output of the
solar pankis variable, and since it needs to be adjusted, the charge controller will get
a variable voltage/current from the solar panel and adjust it to the safety of the battery.
The main function of the charge controller is to prevent battery discharge freoidhe

panel to the overcharge load of the battery and to control the function of the load.

2.3.1. Specificationsof Solar panels

Solar panels consist of multiple individual solar cells composed of silicon, phosphorus
(providing a negative charge) and boron yng a positive charge) layers. The solar
panel absorbs photons and starts an electric current. As a result of the generation of
photons that collide with the surface of the solar panel, energy causes the electrons to
deviate from the atomic orbital at@ emitted into the electric field generated by the

solar cell, turning these free electrons into a directional current.

Electrical Specifications:

1. Peak Power(W): It is the maximum instantaneous poveérthe particular system

over a long period..g. - P: 195 W

2. Optimum operating Voltage: At STC, itat max output, the panel's highest working
voltage Vmp: 36.6V, for exampldt is used to determine the number of panels required

in series.

3. Optimum operating current: It is the highest operatinguorent of panel at the
maximum power at STC. e.gimp: 5.33A. It is used toalculate the power loss across

the paneldy determining the wiring gauges.
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4. Open Circuit Voltage: Under STC, it is the output voltage when no load is attached.
It establisheshe voltage output and volume of components that can be placed in series.

5. Short Circuit Current: The number of bypass diodes is included in the protection
level of the electricatasing at the rear of the pamlthe time of usage.g- Isc: 5.69

A. It is used to determine tle®nductor size anflise to be used for safety has a power
capacity.

6. -V Characteristics: It analyzes the panel's voltages and currents fluctuataoin
displayl-V curves for various irradiancdsis commonly used to deterna the current

of the module and voltage for a certain value of the irradiation value and is used to
obtain the output voltage in the lowest irradiation for an area.

7. Module Efficiency: It is the module's conversion efficiency (which is generally

lesserthan the single solar cell used in the modulE).3 percent, for example.

8. Operating Temperature: It is the range of temperature to function the module. e.g
- 40 C to 85 C. It is used to determine the temperature rfangke environment in

which thepanel can be stored.

9. Max. Series FusdRating: It is the maximum current that the module can handle
without causing damage. 15 A, for example. It is used to determine the fuse rating for

use with the module.

10. PowerTolerance It refers to the rangef power departure from specified power
ratings because of changes in operating conditibissgenerally defined in percentage.

e.g - 0/+5 %. It is used to determine the upper limit for power of a module.

11 Temperature Coefficients It is describeds the possible rate of increase of values
in the presence of varying module solar irradiation and temperéturay be used to
determine the maximum panel voltage at the lowest predicted temperature and calculate

the module's power, current, and voéag

24. Buil ding I ntegrated Photovoltaic

PV modules, which convert some of the available solar energy directly into electrical

energy, and solar thermal systems, which convert solar energy into thermal energy, i.e.
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heat, are the two primary categoriésolar energy technologieBuilding's shell and

PV components into the buildiniglock in BIPV technology At one time, the only
option available for solar power installations was the familiar roof panel mounted on a
metal frame. In fact, many people kstilink of solar panels as rigid modules added to

buildings, so they often contradict the structure.

25. Types of Sol ar Panel s

Solar panels are available in a variety of shapes and sizes to meet a variety of
requirementsSolar panels are divided into threaimtypes.

2.5.1. Mon crystalline solar panels

Mon crystalline solar panels are composed of mongaliyse silicon cut into wafers
Since silicone glasses (also called ingots)catmdrical. If you cut them into waffles,

they will get rounded edges.

]
(RN
()l

Figure  2-3:  Poly-  Figure 2-1: Thin film PV

i ; r lline PV
Finure 2-2: Mona-crvstalline PV © vstalline

Polycrygalline solar panels (also calleaulti-crystalling have solar cells that contain
multiple fragments of silicon crystal. These fragments can be the rest of the
monocrystalline solar production. They are arranged irregularly. They are then melted
to form asolid block and then thinly sliced. Each wafer is more rectangular than your

single crystal wafer.
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2.5.2. Thin-film solar panels

Seconédgeneration solar cells are tHilm photovoltaic built ofa range of materials,

including
a) Amorphous silicon
b) Gallium asenide
c¢) Copper indium gallium selenide
d) Cadmium telluride

Compared with other types, each wafer thia film battery is very thin and therefore
flexible. Solar panels can be mounted on a roof, a boat, or an RV, or they can be
mounted on a sturdyame (rack) like oter common forms of solar panéteagazine,

2020)

Table 1: Three most common solar panel types are summarized as:

Mono- Clean single High (18 % or Highest Black or darkblue cells
crystalline silicon crystal slightly greatey

Poly- Silicon Average (1517 High Blue four-sidedcells
crystalline  fragments %)
Thin-film Numerous Low (11%, but Lowest Black or blueevensurface

may attain 15%)

Solar panels also have other types based on the flexibility, transparehatheen
characteristicskor the aesthetics purposes aisothe entire world, various trials for

newer types of solar dslare being conducte&omeare as follows:
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2.5.3. Solar roof Shingles/Tiles

Solar tile, also known as photovoltaic tile, is a type d@rspanel whose appearance
and function are similar to traditional roofing materials (such as asphalt or slate tiles),
and can generate electricity at the same .tikbenocrystalline silicon solar cells, it
should be mentioned, are extremely delicate amhatabe twistedThese flat solar
shingles can still be used with common curved shingles, but special installation
guidelines must be followed.he solar panels and protected glasses for the skylight
tiles depicted in the illustration are contained in prdssed region on the tile's upper
layer.To protect solar protection from environmental impacts, glass is employed as a
shield.

Protective glass
260 x 130 x 2.5 mm

Impervious adhesive layer
. 260 130X 1 mm
Silicon cell
250 x 125 x 0.5 mm

Roof tile
280x 150 x 11 mm

Figure 2-2: Schematic of the solar roof tile
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2.5.4. Flexible Solar Laminates

Solar panels made on elastic silicon cells are especially appealing since they can be
applied to newising mobile and electronic devices. Its versatility, endurance, and low
cost make it a viable power source for a wide range of electronic devices, including
smartphones, smart clothes, and elastic recharging battery pBelks. energy
collecting efficiency rarely meet the intended effect during overcast days, rainy days,
or at night(Chopra, et al., 2004)

® 110 ETFE [ Polyimide spacer [l Wire
TENG N a-SiSolarcell ETFEfim MW Li-ionbattery

Figure 2-3: (a) the hybridized flexible energy collecting device's structure diagram. (b)
An enlarged view to show the dual-mode TENG in greater detail

2.5.5. Transparent Solar Glass

Due to this innovative solar panel systems, the way photovoltaic absorb sunlight is
improving. The cell works by tapping into a portion of the spectral region that is
undetectable to the naked eye yet permits visible light to pass thrimstgsad of
attempting to achieve the impossible aim using translucent Photovoltaic glass cell,
researchers dewad aTransparent Luminescent Solar Concentrator (TLS@tloeve

this technological marvePhotovoltaic arrays that are translucent can produce power

from business curtains, home windows, automobile sunroofs, and then even phones.

Solar window are now lieg developed using several technologies, similar to how
numerous technologies (Tesla sun tile as well as other innovations) are now utilized to
generate solar cells on roofartially transparent solar panels and fully transparent

solar panels are the dwprimary varieties of transparent solar panels.
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Partially transparent solar panels

Heliatek Gmb, a German company, created this semi translucent photovoltaic panels
which can receive roughly 60percent of total of daylight. The effectiveness of
semitranspi@ent solar cells is lower than regular solar photovoltaic, at only 7.2 percent.
Moreover, by altering the proportion between received and collected sunshine, the solar
irradiance electricity generated can be enhanced. In-$acitig window structures, for

example, decreasing radiated sunlight is frequently crucial.

Fully transparent solar panels

The efficiency of these fullyranslucenPV could be as high as 10%. When it comes to
windows from solar panels here, ivgal to recognizethat panel efficieng isn't
everything, but it won't finish everything. In fact, an inefficient solar window just means
you need to make the window largejuatedowarda moreproficientpanel to produce

the equalquantityof power.
Solar panel blinds

When using glass tgroduce power,}

photovoltaic cell curtains are used
combination to transparent crystal cel
Photovoltaic curtains merge tw
disparate roles in a seamless man
Solar Gaps, an innovating company,
developed solar array curtains th
according to he firm, could save
approximately 70% on electricity bills. gigyre 2-4: Solar Gaps in Solar window

Hundred watts of power will be generated by 10 sq ft of glass area. These photo voltaic
blinds may be used inside or outside, as well as an application could be used to manage
its degree and lodan as well as provide information about energy generation. It has a
feature that adjusts the degree of the shutters conveniently dependivegposition of

the sunlight
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2.5.6. Economic impacts

There are more ways in which solar energy can directly or inljirbenefit the
economy. By reducing thesageof traditional energy in a household, it helps maintain
the natural ecosystem and reduce taxpayeded cleanup work and potentially
devastating oil spills. Photovoltaic solar panels can be sold back taulditeds that

generate more energy than they use and spend more money on financial investments
Pay Back Period Method

Theasseteclamatiorperiodis called the payback period of the proj&ayback period
can becalculatel assessintpllowing data fo aproject

Overall Investment Value

Grant

Yearly Revenue

Yearly Spendingogether withrenovationexpenses

= =4 =4 =4

Payback period can be calculated by using the formula illustoated:

Investment valueGrant

Paybackime =

Yearly Revenué Yearly Spending
2.5.7. Environmental impacts

The sun provides an excellent resource to produce clean and sustainable electricity
without the emission ofpoisonouseffluence and global waming. The probable
environmental impactsonnectedvith the land use of solar power and loss of habitat,
water use and the use rigky substances idevelopingare significantjiable on the
technology, including two broad categories @jdncentrating SolaThermal Plants
(CSP)or PV solar cells The size of a systems affects its ecological consequences,
spanning smaller scattered rooftops Photovoltaic panels to big efficiency PV and CSP

installations.
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2.5.8. Potential impacts

Energy from the sun has been recogdias an environmentally friendly energy source.
Photovoltaic modules manufacturing technique (which converts energy to electrical
energy) necessitates a high intensity yield. The primary source of sun power's negative
impact on the environmentisthepbot ol t ai ¢ panel s producer.
solar panels uses a lot of energy and generates a lot of effluent and harpriod byts

that are ten emitted into the environment

2.5.9. Benefits

The benefits of solar energy is not only sustainable but alswedate, which means it

is neverending. The generation of solar energy is mostly mainteri@eee Solar
panels are installed and optimally operate at maximum efficiency, and the annual
maintenance required to ensure they are functioning properly is ibégli§olar panel
technology is constantly advancing, making it more -effgtctive as it can improve
efficiency and reduce manufacturing costs. Many everyday items, such as calculators
and other lowpower devices, can be effectively powered by solar enékprid oil
reserves are estimated to last 30 to 40 years from now on. Meanwhile, solar energy is

infinite (forever).

Building Integrated Photovoltaic (BIPV) is one of the most promising and elegant ways
to quietly generate esite power directly from #sun without environmental pollution,
other source pollution or depletion of resourcés. it is a new, efficient, and
prospective implementation for attaining a net zeemissions structure, the BIPV
system has a great commercial viability for BIPVTowrd the glob&he highly
transparent glazing material of the BIPV system is a major advantage. It provides a
variety of functions, such as shading, by increasing energy yields and providing

additional contributions to development.

2.5.10. Drawbacks

Solar energy des not cause pollution. Solar energy has "collector” buildings, but there
are other devices that convert solar energy into electricity. However, plain and other

related equipment/machines are manufactured in the factory and induce some pollution.
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The effciency of photovoltaic power generation is based on the location and
availability of sunlight. Another drawback of solar energy is that it depends on the sun.
At night, electricity cannot be produced, so surplus energy generated during the day
must be stard or connected to an alternative power source, such as the local power
grid, which is an additional cost to that of high cost of solar pafleésmain barrier to
producing solar electricity on a global scale, according to most people, is storing
significant amounts of electrical energgolar panels need extra support to attach
securely to the weight of the panel. If the roof is not durable or weak, the panels can

crack or "flatten” the roof over time because of the added weight.

Factors affecting performance of PV system

Like everything else left in the sun, solar panels are degraded by ultraviolet radiation.
Sunis a tremendous resource for providing clean, d@astyng electricity without
polluting the environment or contributing to global warming. $&vactors influence
the external efficiency of Photovoltaic panels. These kind of problems are caused by
the unit,while others are caused by the module's position and atmospBenee of

these key elements are discussed below.
Degradation of PV Module

Solar power system manufacturers usually guarantee the performance life of their
modules at 25/ears.The warranty curve generally promises that the module will
produce at least 90% of its rated capacity in the first 10 years, and around 80% in the

next 10 to 15 years.
Solar Radiation difference

The enactmentof photovoltaicunits under different lightingcircumstancewill be
considerablydifferent thatwill have a seriousnfluenceon the performance of the

photovoltaic system.
Module Temperature

Like other semiconductor devices, R¥lls are extremely temperature sensitive. The

efficiency and power output of PV batteries decrease as the temperature increases.
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Fill -Factor

A Photovoltaic cell's filfactor is determined as the percentage of max owdptite

product of Voc and Isc.
Parasitic Resistances

The PV cell series and shunt resistors, called parasitic resistors, increase the I12R loss
and ultimately reduce the efficiency of the module. Series resistance (Rs) indicates the

internal resistance afie PV cell.
Shading

Due to shading, the currents generated in the individual cells of the module do not
match Like all units were shadowed, partly darkening a cell could considerably
decrease the total wattage of the modules. Darkened units prodnifeaigy less
power than nosshaded cells. The identical current passes through each of the module's
units because the units are placed in selfi@sore current than the shaded capacity is
forcibly transferred through the shaded cell, it can overhrehba damaged.

Soiling
The collection of sand, grime, and other pollutants on the Photovoltaic modules is
known as soilinglt forms a thin screen on top of the module to reduce the light falling

on one or more cellsThe collection of sand, grime, andhet pollutants on the

Photovoltaic modules is known as soiling.
PV Module Orientation and Tilt Angle

In the northern hemisphere position, the PV module should pdintesouthwhich is
different from magnetic south shown by a compasthe other dection, shadaffects

the efficiency so the intensity and duration of sunlight is very different. Modules
heading north will always be under some shadow, and in winter the effects are even

worse. This is the wrst case and should be avoided.

26. ApplicfatBloPV o

There is a wide range of applications for solar panels. Below are listed a few
applications of BIPVs:
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2.6.1. Facade

PV is integrated into the sides of the building, replacing existing glazing with
translucent thin films or crystalline solar panels. dsHess surface area than these

rooftop systems, but offers the benefit of increased usable area.

Figure 2-6: Solar PV as facade Figure 2-6: Roof Top PV (Lumen
Solar)

2.6.2. Rooftops

PV material replaces the roof material, sometimes; the roof iidetly are alin-one
solar rooftop solar singles that can be integrated.

2.6.3. Glazing

Ultra-thin solar cells can be used to produce translucent surfaces, which allow sunlight
to pass through while producing electricity. These are often used te BAéakylights
andgreenhouse@non., 2015)

Lk

i
[l et

Fiaure 2-7: Solar Transparent surfaces (Onvx Solar)
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2.7.

Obst aamldeasCh enges of Bl PV

Despite the great potential and advantages of using solar energy, there are several

barriers to overcome. One of the main challenges is the low user interest in BIPV

installations due to the high early expenditurecost Below are the baters and

challenges of solar BIPV technology.

2.7.1. Social

2.7.2.

2.7.3.

2.7.4.

1
1

Absenceof procedurabndpromotionprofessionals in the BIPV field.

Internal resources for data gathering, analysis, and project management are

limited.

Lack of skill in commissioningdevelopmentoperating and maintaining solar
BIPV plans

Information

A lack of knowledge about the value of Solar recourses, as well as BIPV,
equipment manufacturers, and prospective fundraisers
Inappropriate education and capaatyucture

Insufficient BIPVdatafor policymakers and civilized societgobilization.

Technical

There is a sarcity of standard technologies
Limited local production of special equipment.

Photovoltaic products' advancements in technology have a restricted gdotenti

to produce consisteenergy

Policy

BIPV is given low priority due taationwideplarns and fragile application

structures.
Ineffective energy policies.

No dscounts or incentives for BIPV
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1 Rewards for cporate involvement are lacking amalicy of contradiction

between théords

28. Sol ar PV potenti al I n Nepal

It is especially popular in rural areas where other energy sources are expensive and
unrealizable or unusableNumerous technological outcomes are possible for

Photovoltaic systems uses, which are simply explained here.
Two types of PV modules can be mounted describéx:lasv:

1 Set in an open area with R panels installed in a stable location orthe
surface or on solar energy Solar trackers change the position of solar pv
during the day to an even more comfortable pmsiin reference to the sunlight,
allowing them to gather more radiation from the sun.

1 Mounted on the roof orfagadeof a building: PV modules in thesstructures
areregularlyconnectedn a noroptimal location (deviationsincethe optimal
angle), resuihg in lower efficiency ratiosBecause to less excellent natural
clearing, PV modules installed at a lower slope haveghehilevel of surface

pollution.

In the case of Nepalhteekinds of a PV system which can beflectedhave been

describedelow:
AGrid -connected PV
A Miorid PV

Aoff-grid PV
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2.9.

Different researches have been done on this topic worldwide and some of the findings

are as:

Resear chsolfi mdiengf

BI PV

Research

Methodology

Findings

i. BIPV For A demo site ir
Ludvika, Sweden (Quintana,

Figure 2-8: BIPV module's
location

i. Build up building
3D models on ¢
BIM platform
(PVSITES)

PVSITES

workflow is done in
seven stages he
for modelling,
simulaion, analysis

i. Over a twenty- year
period, the BIPV systern
has a 12 year repayme
period and a 61 perce
total investment.

With the estimateq
standards costs of th
BIPV installation of

35, 7 0 Qepdirscests
of 1 7Ry a twenty
- year perid, the BIPV
system has a 12 ye
repayment period and
61 percent total
investment.

ii. To use parametric Rhino
extensions to build and test
BIPV envelopgFreitas, et al.,
2020)

Rhinoceros
with

ii.
software
Plugins
Grasslopper and
Ladybug to acces
and compare 7
institutional office
facade

Total strategy
counting 3D
modelling,  solar
radiation shielding
devices and P\
power simulation

process

ii. The shape properties

the building wereg
decisive for the total
energy perdrmance.

Means of advanced ratiq
and smaller part of th
buildingratios were muclk
more desirable

Grasshopper/Ladybug
allow for quick power anc
aesthetic simulations wit
a reasonable amount
precision and effor
expenditure, while the
Rhinoceros BIM ptform
offers the  essentig
architectural details.
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il Actual
time BIPV
performance of the
system based o
key climatic,
location, and
system data.

i . A look at the results of a
BIPV setup in Bangalore in
actual time(India) (Aaditya, et
al., 2013)

one paramete
correlating the
~diffuse fraction ang
the clearness inde

Grid

o e

——

Figure 2-9: Schematic diagram of
BIPV

li. Singular plan tg
enhance and the ye
system efficiency have
shown a substantia
difference (at an extent ¢
50%).

System losses rema
constant as compared
capture  losses  wit
increasing solar radiatio
throughout the year

iv. In order to
enhance the

demand for ambien

iv. PV glazing technologies
(Skandalos & Karamanis, 2015

T daylight  while
| maintaining
efficiency of the
solar.

smcor thin film PV are
used for glazing
systems

Figure 2-10: Schematic diagram
of a c-Si-PV window

Iv. System ptimizationis
more important than P
moduleefficiency.

Partially translucen
photovoltaic  scanning
efficiently saves power
and offers value
reductionsandecological

profits.

PV window with
ventilation can
significantly lower the

temperature and hen
prevent heating.

The amount of opacit
affects SHGC
effectivenessand internal
illumination.
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210. I nternati onal Case Study

2.10.1. Tehran, Iran; Energy performance of BIPV

Introduction

The study containdetaik ofthe energy performance of BIPV higise office lildings

in Tehran City and the power production by PV panels that operate in combination with
facade Non-OECD Asia (including China and India) will consume greater than 50%
of the globe's total power between 2012 and ZBMR/ simultaneously offers the
benefits of electricity production, reducedilling energy consumptiomnd decreased
usage of external lighting and heating, as well as more effective otagashine.
According to literature reviews, most BIPV projects focus on energy generation rather
than dher aspects of thermal comfavhereasareassuch assurroundingseconory,

technology and social issues shotaslkleconsidered simultaneously.

Considering theshortageof BIPV-related studies in highse buildings, reduction of
thermal energy assumption and improvement of residents' thermal comfort, this study
is very important. With a designéiendly interface (all processes neecreated in
environmenbf grasshoppgrand features as optimization and parametric design, these
tools have beensed for BIPV of building energy analysis and generation of-high

management tower designs.

Methodology

The study was based on a selectedt®®ey administrative building in the commercial
district on Mirdamad Street, Tehran. This location was chogseause the annual
average solar irradiance is 6000 MJ/m2 per year and the urban situation and city

facilities can savéy usingBIPV in tall structures.

A suitable location was found and the size of the windows in different building
directions was optimexd. 3D modeling using 3D rhinoceros and locusts was done, then
Grasshopper simulated energy uspgeveranalysis was performedhe quantity of
electricity generated by the photovoltaic panels as well as the strength of direct sun
received by the structurgere measured.adybug plugin was providet track solar
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irradiation, BIPV model| and climatestudy taking into account construction of
envelopesWith an increased performance of roughly 19.5 percent, a rogstalline

solar cell has been usethe LG neon 2 solar cell was chosen for the simulations and
was obtained from manufacturer's webstdell material selection was based on
ASHRAE 90.12010. Lowemissivity glass was used in the east, west, north, and pure

glass in the south.
Findings

From theanalysis of the Honeybee phig through investigation and observation,
934,540 kWhs the overall energy output of the building Wwasvarious uses such as
lighting, equipment such &PUs and photocopiers. The goal was to provide 20% of
the essentialight power in June. It was considered because the apparent solar energy
intensity is minimal in June, with a BIPV of 186,908 kWh.

It was observed that the optimal percentage of window8 sides was 0%, which was
lowest Also, increasing theotal of this WWR increased theverall energyof the

structure

4

Figure  2-12: The  positioning  of Figure 2-11: 5.2 kW photovoltaic
photovoltaic panels in facade with regard power station in Mashhad
to the number

Conclusion

The goal of this research was to create ataltling based on the premise of reducing

powerthrough the use of BIPV energy productidacording to the simulation results,
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the averag annual lighting energy consumption of the building is 934,540 KWwh.
achieve the first objective 830 panels each 405W totally 336.15 Kw, provided 20% and
51.3% required electricity for lighting and equipment such as photocopier, in June and
February, repectively.To validate the Ladybug PV simulator, a 5.2 kW solar power
plant in Mashuhad was modeled with the Ladybug {rfugnd compared with the real
data recorded by the station. Comparison with actual data from a 5.2 kW solar power
plant sltowedthat he coefficient of determination betexe the energy production data
was 0.928. To achieve the second purpose of reducing the buildingtgyene
consumption, the building wassed with appropriate insulation. In this case,
comparison otraditional basic matels from Iranwasanalyzedwith the ASHRAE
1402017 Standard@Hoseinzadeh, et al., 2021)

2.10.2. Singapore: Performance of semitransparent BIPV

Introduction

This studyconsiderecthe feasibility of longterm energy generation ofanslucent

BIPV windows by employindn Singapore, there are six currently accessibleftimm
components that can be used in offidtdSA method was usetb evaluate the energy,
carbon footprint and cost recovery associated with the consolidation ofdgiR&fated

power energy and emission intenstear energy benefitsGHGs reductions and
reduction in expensemd appearantieoffered a Photovoltaic judgment tool that was
created to help architects and architectural designers make knowledgeable choices

regarding BIPV modules selection.
Life cycle assessment of BIPV

The general framework of LCA was set up to be summarized as follows, following the
instructions set by the International Organization for Standardization in L93Y.
considers the followingaquirements and properties of PV systemaglelingmethods

for PV schemd.CA and guidelines for LCA result reporting and distribution.

Several studies have considered BIPV appearance integration with other technologies,
including the use of avoidance cdsthnology to investigate thgower savingof

energysupply in Europe and explained benefits of adopting BIPV. It was estimated that
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the multiSi module mounted on the fagade required 2.9 MJ / kWh for mounting energy.
The BIPV net intrinsic energy valuehich was subtracted by BIPV by avoiding the
intrinsic energy of the existing glass coating system, was reduced to 2.6 MJ / kwWh.

EPBT decreased in pure BIPV intrinsic energy in 4.8 years

Semi-transparent BIPV windows in Singapore

From a holistic point ofview, the translucent BIPV window energy performance
assessment includes all energy related implications. A figure of merit called "Net
Electricity Profit (NEB)" has been introduced that quantifies the electricity profit across
a translucent BIPV windowl he factors included in the calculation are the difference
between solar power generation and natural light Cooling electricity

NEB=L savings'l' C electricity + PV generation[kWh]

L is the difference in artificial lighting savindsy using natural sunligt. C is the
difference in he energyonsumption required faoomconditioning due téhe transfer
of additional solar heagains, and PV is thepower generationcapacity ofthe

photovoltaicwindows.

An analysis of the energy simulation results ofdixanodules iffour major directions

is given in the table below. The east and west (north and south) energy performance is
very similar due to Singapore's sky conditions. They are displayed aveeagdt\{

and NS). The translucent module increases theinements for artificial lighting

compared to the transparent douglezed windows used in the defaoitte.

For a holistic view, the energy efficiency ratings of séransparent BIPV windows
should include all energselated effects(Ng, et al., 2013 reated the "Net Electrical
Benefit (NEB) direct daylight and the variation in cooled power" performance measure

to evaluate the electricity generated benefit of partially transliBI&\ glass.
NEB = L savingd C electricity+ PV generation[KWh]

Where L denotes the amount of money saved by using natural daykégéad of
artificial lighting; C, the differential in energy use for room cooling due taaext
excessive solar transmissioand PV is the power generation capactly the
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photovoltaic windows The following table lists the features of a six commonly
produced thirfilm units used in the investigation

During the investigation, a separation of the energy modeling findings for the 6
components from across 4 primary c¢gtees were evaluated. Due to the general
atmospheres in Singapore, the east (and north and south) voltage output are relatively
similar. Since thecomponentsare partially translucentthe need for artificial lighting
hasamplified compared to transparedbdubleglazed windows, which were used as a

basic dwellingDetails about the study was release(Ng, et al., 2013)

Environmental partially translucent

It is concluded that thEV manufacturingorocedureand theequilibrium of the system

make the greatest contribution for all modules
a. Energy intensity of PV

The production of greenhouse gas emissions intensity of power produced by facade
structures with all these components toward separate Weydule 1 is the most
efficient, using the least amount of energy and emittiegleast amount of pollution,
240-310 MJ/kWh and gCQeq/kWh.

b. EPBT and ERCHtirveys

Over a 25year period, the six modules provide a net electrical benefit (NEB) of 42,538
197,897 kWh and utilize 29,46106,234 MJ more primary energifespan than
doubleglazed windows. For all modules, EW orientations outperform NS in terms of
EPBT. EPBTseriedrom 0.68 to 1.52 and 0.87 to 1.88 EW and NS orientation, with
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1 modulebeing thebottomand module 6 beg the greatesThe maximum EROEI is
found in module 1(26.734.39), while the least is found in module 6. (11528).
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Figure 2-13: Power produced by BIPV components in terms of energy and GHG
emissions.

Economic performance of semiransparent BIPV windows in Singapore

The upfront costs of thin filnBIPV windows includes the price mol&, aluminum
frame supply and installation, overall balance, and repair installation. The price of
energy is a significant aspect that determines the financial potential of LCA. The
Government of Singapore covers up top&dcent of total of the total iegtment price

of Photovoltaic system in order to encourage ecologically favorable green construction
technologies and green energy usage

a. Payback period of BIPV window systems

Due to construction ageies, PVfagade servicing is comparable with that gfitgl
glass, thus it wasotinvestigatedIf the NEB is taken into account, the upfront cost of
incorporating solar modules 1 and 2 can be returned in 131 and 1.11.5 years,

correspondingly.

Conclusion

This study reviewed theCA of six translucenBIPV in a commercial building in

Singapore. These includesnvironmental andconomicperformance compared to
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traditional transparent doubtgazed windows. Module 1 (size 980X950yvalue 5.08

W/m?K) could be used followingregulatory or corporate envirorental policy
governing the use of the material. Module 2 (size 1300X110@3luk 4.80 W/IfK)

could be chosen governing cost limit outlinitige building development project. The

results showd that the key life cycle stages that reqdithe use of crital primary

energywere PV module marfacturing and system balancing as accordingNg &

Mithraratne, 2014)

2.10.3. Tianjin City, China: Parameters oftransparent PV facade

This study considered tHmk between the parametersdatnepowerperformance of

BIPV andsensitivity of the design parameters usinggsof transparensolar power

with different transmittance. 6 PVFs were installed, and the final energy consumption

of an office in China Cold Zone in Tianjin City was siated in 5 directionsEvery

architectural variable's sensitivities to the structure's renewable energy rate was

evaluated.

The transparenphotovoltaic material that can be seen throwghk. an alternative to

traditional glassAs a result, the procesonditions of the directional CHT@nd

VLT of the solar fagcade (PVH)ave a significant impact on a structure's electricity

£ L-TSPVF Fo
interior
single double
PV closed
facade PV facade
with with
low (20%) low (20%)
transmittance transmittance

L-T DCPVF -I:(- L-T DVPVF
’ﬂ interior (‘:’" interior
double 1|/
) ventilated '“
" PV facade ;
: with [ ¥l
4 low (20%) ["| B

transmittance | [?
—_— s |
double glazing

Figure 2-15: Different sections used in simulation process

J£H-T SPVF 3¢ H-TDCPVF 3 H-TDVPVF
interior ’" intetior &N intetior

single double double iT
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facade PV facade PV facade
with with (| ‘ with
high(32%) high(32%) ( | high (32%)

transmittance transmittance g transmittance | |*

o

;—IL double glazlng“’g_'

Figure 2-14: Sections of six photovoltaic facades
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usage.Two transparent thifilm photovoltaic materials with differértransmittance
were appliedCHTC of the fagade wachievedhrough mathematical calculations and
simulations in the software i.e. FLUENT. The survey considered only east, southeast,

south, southwestyest considering solar power.

When PVF had a south face, the monthly development curve was an open parabola.
Enegy productionprogressivelydecreased from January, reached the lowest level in
July, and themprogressivelyincreased further. When PVF was heading southeast and
southwestenergy productiodid not change significantly during the three months, but

rebourded after reaching a low level in July while gradually declining

"5 m—SEASW e E&W s s
s B SE8SW
p—emug 3 1632 E&W
T . " 12 150 e 1908
f o T, e 4 1131
x 4 5 1000 946
E 1 \\.\ g
2 § 500
F 0 T T
(] - L-T PV facade H-T PV facade
Jan Fed Mar Apr May Jun sl Aug Sep Oct Nov Dec
Figure 2-17 Output electricity of H- Figure 2-16: Annual system output
T PVF power

Whenever the facade oriented southward, it saved tisé energy, up to 61.22 percent,
and thebottomwhen the PVF faced east, only 13.7¥%he variation in renewable
energy between PVF iheé southeast and southwest was 1.08 percent of lessvest
facing PVF had a higher energy saving rate than thefaziag PVF, and the interval
value was 0.55% to 3.59%he orientation of PVF was perhaps the most sensitive to
the room's conserving p@wrates, and highest responsive was CHTthe PVF was
facing east or south, therdction was the least sensitive.Vivas the highest delicate,
as was the room's power efficiency rathe sensitivity o/LT and total heat trasfier
coefficient was almst equalin the front and southwest. The study was reviewed from
(Li, et al., 2018)
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2104.Summary of the findings :of

Study Reference  Methodology Findings
Area
Brasilia, (Freitas, et A Rhinoceros A Higher top layer ratios and
Brazil al., 2020) CAD relatively small part of the
Tropical software building ratios were more
Climate A Ladybug desirable

Comparison

of seven

Institutional
Singapore, (Ng & A Life cycle Thin-film BIPV windows1
Tropical Mithraratne, environmenth cooling load and artificial
Climate 2014) and economic lighting

performance Payback period of not mort

than 2 years

China (Li, et al., A FLUENT South being the best
Cold zone 2018) Software orientation

Saved up t®1.22% south
facade
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Chapter 3. Resrecah Met hodol ogy

31. Rese®drsch gn

Explanatory studies were performed on previously poorly studied issues, request for
priorities, creating operational definitions, and a better research models was requisite.
It is a kind of research design that reallguees on explaining aspects of research in a
detailed way. In the case dEfiergy retrofit of fagcade curtaining with BIPVI'he study

is based on the poepbsitivist and constructivist paradigms. The research approach is
also an inductive research approdbhat theoretically begun with the observations

provided at the end of the research process for observation.

Therefore, this study used descriptive research and exploratory design to agree to
increase electricity production by BIPV reducing the use ofreoewable resources.

- — P — = —— = — = P
* |

Samplin A Analysis A Output
g . A Rhino . result is .

Questio Simulati discusse
nnaire on d with

A Operatio A Ladybug other
nalize tool aspects

A

|
Al SRR e R
Figure 3-1: Conceptual Framework
This design provides a profile of the relevant aspects of the phenomenon of interest

from an individual, organizational and industrial perspective. After 3D modbimng
rhino 3D and implementation on Grasshopper, simulation was pegfbrin the
Grasshopper bee plugin and analyzed the strength of energy usgianiiey of power

produced by panels, the intensity of sunlight on dtracturewasindomitable The
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Ladybug plugin was used to perform solar radiation, BIPV simulations, landte

analysis considering building hulls.

32. 3D generation model s

Rhino is such a well and capable 3DCAD program that simply allbevsreation of
complex shapes and has a wide range of file standards compatible. This program was
selected for its ease applicaton while making virtual modelsts mutualuse among
professionals and architectural students, and the many plugins available to run-purpose
built PV simulations. The shape of the building and its surrounding urban environment
were modeled with Rhoceros software and according to the acquired plan section
facade The availability of solar resources was simulated using the Grasshopper and

Ladybug plugins.

Grasshopper is a visual algorithmic developer that works in conjunction with the Rhino
designsoftware. It is frequently applied in field of virtual modelling as a parameter
model maker coupled to 3D rendering softwakodeling of parametricshows
generation based on automated parametepgaaffundamentalsAs a result, a set of
algorithmic geeration principles governs the generation and modification of

components in a program.

Furtherenergy simulations done byadybugwhich is a plugn which rely on multiple
Energy Plus validation models and is simulated based on the Geometry and Target
Position Climate File Energy plus Weather File (EPW) generated by Rhinoceros,

Grasshopper.

33. Research Hypothesi s:

BIPV on the fagade can be a useful alternative to energy sources, even on a small scale.
Along with this,it can be considered as a new apprdactsustainability in Nepalt
also cuts greenhouse gas emissions by reducing the acagerenewable power

sources
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3.3.1. Ontology:

Due to the need to reduce carbon emissions and reduce costs, the generation of
renewable energies for most governments agchriology sectors is becoming
increasingly important at this time. As energy generated by solar energy, wind, waves

and hydropower can be one of the alternative energy sources.

The power generated by this method (the energy generation by the BIPV sigstem)
environmentally friendly, sustainable and is the instrument to reduce carbon emissions,
however, it is considered as a huge payback period tool and generates a small
environmental assignment. Therefore, there are concerns about the actual abibty of thi
technadogy in the context of Nepal.

3.3.2. Epistemology:

(Gammal, et al., 20163tudiedthe feasibility of BIPV generation in the EU and
suggestd that the continuediescendingforce on PV costs andising interest of
representativein the implementation of sefonsumption schemes will further fuel
interest in BIPV (Saretta, et al., 2019¢view, provideda theoretical basis to support

the creation of procedures and techniques aimed at making BIPV facades easier to

integrate into different energy innovativeness at the city scale.

34 ResedMrediodol ogy

The research methodology itself is based on an epistemological position defined by
the ontological assumptions of the research.

To addresshe main research objectives, this study used both qualitative and
guantitative methods and a combination of primary and secondary data. Because data
analysis usgboth qualitative and quantitative data formats, the results obtained have
been triangulated:his analysis focusbon the amount of energy that can be converted

to the monetary savings generated by the building's integrated solar power system.
The correlation research strategy invalvboth social investigation and field
observation to search fpatterns. Analyzing the degree of correlation between these
variables and patterns lead to the development of more generalized theories supported
through field observations anddrature studies. The survey aslagestions in a
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closed, structured amner.The variables collected we analyzed using a correlation

strategy.
3.4.1. Data Collection

Sampling

A purposeful sampling method for ngtochastic sampldsas beeselected according

to the characteristics of the population and the purpose of the studytiomin
sampling methodsvere used, including dividing populations and households into
smaller groups called hiewhies. Since the study area hmdrious subsidence
dimensions, the specimen frame was close to the target anselegted as an option.
Specmen households were selected for survey, regardless of social background,
economic conditions, or livelihoods, and data were collected through structured

guestionnaires, manual checklists, and housing measurements for simulation.

Questionnaire design

Structured questions were formulated using various variable scales such as order,
spacing, and ratio scales. The questionnaire consisted of four parts: a) general
information, b) land and building descriptions, and c¢) energy consumption. Part (a)
contained geeral information such as temperature and humidity. Part (b) had more
descriptive questions for plot size and building. Also, part (c) dealt witpdiaer
consumed by théuildings in the context of lighting and othpurposes, and these

guestions were liited to the field of study: solar radiation and thermal comfort.

Structured questionnaires were used for surveys in the Kathmandu Valley. The assigned
sample size were investigated through this survey. Quantitative data was obtained from
the survey. Micreoft Excel and SPSS analysis tool were used to analyze the

information collected.

Operationalization

A subset of respondents were surveyed to collect their opinions on-t@spre
guestionnaire to verify the reliability of the completed questionnaire anel adjusted
accordingly. After, field investigation, questionnaire were filled angitinterview

39



were conducted. Additionally, each survey site was qualitatively surveyed for the
reliability and validity of the data.

First of all pre testing of the gstionnaire were done for the credibility of the
guestionnaire formed by surveying it with some of the respondents and their opinions
were gathered regarding the questionnaire and some adjustments were done

accordingly.

After that, actual survey were dowa site. Questionnaire were prepared and direct
interviews were carried out at the site. Furthermore, for the reliability and validity of

data, the respective surveyed sites were qualitatively studied.
Research Ethics

Research was done within tlgeideines of ethical researabf socal behavior. The
guestionnaire wa prepared avoiding discomforting discrimingtauestions. After

that, data ws.collected through the Correspond Independent Response.

Data Analysis

Thedata collected in the fielthroughresearchwas analyzed. Relationship strategies
were used to identify correlations between variables and to conduct research that lead

to research results.

Discussion and Conclusion

Interpretation of data analysis, simulation, and literature review resefesliscussed
along with other dimensions that affedthe resultgo order to meet th research 's

objectives Achieving thisgoal led to subsequent conclusions.
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Chapter 4. National Case Study

41. Tr-Ratna Tamr akarSiGaampmlidxa

A business center in Sitaja, I ——

Kathmandu, where solar panels ai
used on the building facad&he
building was completed in 2075 B.

Characteristics: o o

@ CHICKEN STATION

This 6-story building has a total of 6485 j o ST TS

: e iy E 2 S
solar panelplaced insouth of the b — -
building facade and is designed wFigure4-1: Polycrystalline Solar panels used facade
provide existing dsign goals such agf the building
aesthetics and environmental control and energy generétisnhousedwith shops
like sales berry, chicken station, coffee shop in the ground floor, clothing store for all
ages in the second floor, Muktinath Bikas bank, Sunriseibahk third floor, furniture

in the fourth floor and shoes and other offices in the fifth floor.

The use of energy from the solar is used for lighting purposes by all the spaces except

sales berry supermarket because it has higher load.

Table 2: Each Solar module specifications used in Tri-Ratna Complex

MODULE TYPE RD250TU- 36CP
Peak Power (Pmax) (W) 250
Production Tolerance (%) 0+3
Max. Power current (Imp) (A) 6.61
Max. Power Voltage(Vmp) V) 37.81
Short Circuit Currenflsc) (A) 7.07
Open Circuit Voltage(Voc) V) 45.40
Weight (Kg) 18.0
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Dimensions (mm) 1640*992*35
Max. System Voltage (vDC) | 1000
Application class A

Fire Safety class (Pa) C
Mechanical load tested 5400

Wiring as shown in figureonnects these sol panels in parallel and DC current is
distributed through the distribution box.

Figure 4-3: Parallel Connection between two solar Figure 4-2: Solar- DC Distribution Box in the
modules first floor

The current from the distribution box enters the charge controbgable of
withstanding the short circuit current (Isc) of the plates. It also protects the battery from

overcharging and ovatischarging.

The installation of the solar inverter was made only one month befaienthef study
of the building Otherwiseall devices receiveDC current directly from the pandlhe
table below illustrates the technical specification of the inverter.

Table 3: Inverter specification:

Model: 50KVA

Battery Voltage: 192 VDC

Input Voltage: AC38810% 50 Hz

Output Voltage: AC38610% 50 Hz
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[=-E Sa
Figure 4-5: Low frequency three phase solar Inverter
Figure 4-5: Charge Controller (50KVA)
There are 32 leadcid batteries (150 Ah), which are connected in parallel combination

and are used for the energy storage.

Findings:

Figure 4-6: Lead-acid Batteries used for the energy storage

Since thecompletionof the Triratna Tamrakar Complex, only direct cur@€) has
been supplied to each load, but it is not efficient as the solar panel must supply the
maximum current to the device. An inverter has recently been installed which further

saves the systerfihe use of energy from the solar is used for lightingppses by all
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the spaces except sales berry supermarket because it has highdrédémly diagrams

of PV panels and charge controllers, inverters, batteries and loads were also known.

i Main distribution
Main DC — Inverter
breaker panel
Charge
J — Battery bank AC Loads
controller

Figure 4-7: Connection diagram of solar panel with othercomponents
42. Hot el Sarowar Pvt. Ltd (Swi ss

The Swiss Internainal Hotel Saar is a newly completed hotel built in a building that
responds telimate and it is the only hotel of its kind that has been in business since
2018 and officially opened in May 2019. It is the only hotel in town designed and
developed in aenvironmentally sustainable walhe totel usessolar energy as their
main source of electrical load. To further complement Swiss international
sustainability, the hotel is designed to recycle organic wasteiusiee hotel andises

geothermal heating drcooling on the two floors of the hotel.
Solar Energy as the Primary Source of Electricity

The sun's energies can be captured and converted into DC voltage viEhiBV.
electricity is stored or used for household electricylar panels are generalliaped
on the roof since it is the most feasible location. They are exposegréatadeal of

straight sunshinand are generally sturdy without preventing them. Once the panel is
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attached, huge bolts will lock the panelplace thatwill create aroof-mounted solar
panelsThese mounts are drilled into the roof by the solar firms who attach the modules.

=i
o T i

Figure 4-8: Solar panels on roof
A Solar system of 140KW has been install€He total energy demand is 225KW, but

based on the utility factor, the typical demand is only about ¥20Rart of the solar
energy (50KW) is accumulated in the battery. This solar system is estimated to save

about 10 million rupees per year in energy costs.

T EN T

Figure 4-9: Solar panels on roof

45



43. Sali dpamt hehel anda®phakhel

The Shaligram Hotel is located in Patan a

spans two ees. The famous Patan Durb
Square is just 1.7 km away. A total of g
solar panels were installedbnu i | di n
and designed to reduce electricity prices
the long run. This solar panel was install@®
by Saral Urja Nepal Pvt. Ltd. with a /®ar
contract with the hotel to use the space
paythe bill of the used units produced by t
Solar panelsFifteen years later, the hote
will own solar panels and is now an asset
Saral Urja.

Figure 4-9: Roof-mounted solar
panel in Saliaram Hotel

Net metering system has been adopted to control the powke biiepal Electricity
Authority. Net weighing metering is a billing mechanism that provides credit to owners

of electric solar energy systems added to the grid. Net users are billed for net kWh using
more energy than they provide in a month. Net produdsidnlled for zero kwh for

users producing surplus energy. Excess kWh is put into the national power grid. The
figure above shows the connections between solar panels, inverters, net meters and

national grid transformers.

Solar
Panels

il

Inverter Utility
Service

]

Home Power/
Appliances

Figure 4-10 Concept of PV System Net Metering
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Each Solar module is 250 YRoly-crystalline panels with the following specifications

Table 4: Each Solar module specifications used in Saligram Hotel

MODULE TYPE TPS-P6U(60)250W
Peak Power (Pmax) (W) 250
Production Tolerance (%) 0+5
MaximumPower currat (Imp) (A) 8.26

Max. Power Voltag€Vmp) V) 30.30
Short Circuit Currenflsc) (A) 8.80
Open Circuit Voltage (Voc) V) 37.20
Weight (Kg) 18.6
Dimensions (mm) 1640*992*40
Max. System Voltage (vDC) | 1000
Operating Temperature ( ) -40 to 85

The load of the hotels higher than that of production by solar panels due to space
limitations, and only 98 solar panels have been installed. Here, a 25 KW PV solar grid
tie inverter is being used for DC to AC conversieBw energy is bag sent to the

NEA if excessive power is generated%d40 20% of the total number of units per

monthis beingused from solar energy installed in the building.

MODEL SUN- 25KW-G
DC Input Voltage Range 200V-1000V dc
MPPT Voltage Range 200V-1000V dc
Max. Input DC Current 20* 28.5 A
Rated AC Operating Voltage 3W/ PE 400V

Rated AC Operating Frequency 50/60 Hz
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Rated AC Operating Current 36.2 A

Rated AC Operating Power 25 KW

Operating Temp Range 25 to 60(

Therefore, due to space constraints, it can be confithexd is decline iterestfor
installation of solar energy systems, and that there is no government stimulating effort
to facilitate the introduction of this energyhe governmentst all three levels, viz

local, provincial and centraleed to subsidize the installation of PV systems so that

surplus energy is transferred to the national grid system.

44, Mar ket <tomgpynemts of Solar PV

Variouscomponeris quality, manufacturer lands, warranty/guarantee and aftades
service regulationeemainthe main factor teegulatethe schemeamount It has been
detectedthat theamountis differentfor identical schemelhe system price changes
strongly at the end level of the user. Sayw of the two companies were randomly

carried out to support service cost calculations.

When it comes to the range of solar goods accessible in the Nepalese markets, there are
over 180 distinct kinds of solar panels (44 different manufacturers) wittyiese
ranging from 10 Wp to 350 Wp. Over 25 local PQ firms are actively involved in
bringing these goods to the Nepalese market. Replacement batteries are imported or
formed locally. Currently, the native market offers ten distinct kinds of batteries from
four various manufacturers. The batteries are imported by ten local Power quality
businesses (mainly from India and Bangladesh). Likewise, the market now has 18
distinct types of controllers from ten various vendadisey range in size from 3 to 60

A and tus are supplied by ten various local enterprises.

PIT and Random Sampling Tests must be passed by all gaffatsency, wattage and
other tests are done by the NAST before import and also random test after the import
as well. The test components of halar PV system requires different periods of time.

Brands are not important to the quality of the most important product.
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Chapter 5. Proj ect KAarteghamandu Val |l ey

51. I ntroducti on

Nepal is smalhationwith extentof 147,181km2 andhaving an average increase of
more than5%, it is amanthe fastest growing citiesin South Asia.(Muzzini &

Aparicio, 2012) The expansion of the city Kathmandu Valley
. o : <4
beyond its historical core area began in t T

Kathmandu Valley in the 19th century. Rap
urban growth amamthe valleys occurred afte
political changes in the 1950s. Especially afi /= e
_ _ N\ Bhaktapur
the construction of the ring road, the pace R N
urbanization accelerated from the 1970s to -
1980s. The process of urbanization is.fssted ~/ Lalitpur
for power is increasing as a reswf fast =
population expansion and growing econon
activitiesis increasing more rapidly in valley
than in other regions. In recent years, Figure 5-1: Map of Kathmandu valley;
. . . Kathmandu, Bhaktapur and Lalitpur
pollution has emerged as a major environmer, ...
problem in the Kathmandu ValleWistorical background of energyonsumption by

commercial building

The tremendous increase in global power consumption has caused alarm around the
globe, and forecasts indicate that this pattern will pesstsiording to the IEA analysis,
buildings will consume the most energy in thereamy, accounting for more than ene

third of total final energy consumption and will be equally responsible for global CO2
emissions in the futureThe corporate sector has a lot of possibilities for energy
conservation and sustainability development. paeer consumption of commercial
construction accounts for 7% of overall power generation. Hvac systems account

for over 60 percent dbtal power usage in buildingkapisaa, et al., 20)8
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52. Energy copstmeit ncooommer ci al sector

The busiess sector in Nepal used 1.3 percent of the country's overall power. Power
consumption by sector is minor in Nepal, but dependable projected energy need is a
necessary condition for the lotgrm utilization of available energy resourceésom

1996 to 2009the average annual growth of fuel wood was 5.74 percent. Likewise, 0.12
PJ of LPG was utilized in 1996, and it climbed to 2.29 PJ in 2009, having a 30.41
percent annual growth rate. In this time, the consumption for electricity climbed at an
annual ratef 7.44 percent, rising from 0.226 PJ to 0.56 PJ. Of the fuel, kerosene fell
from 1.09 PJ to 0.30 PJ over the equal time period, wiitdgpercent AAGR. Cooking,

like in the domestic sector, is the most endrggnsive final use in the corporate sector,
accounting for 68.4% of energy consumed, led by lighting (19.3%), liquid boiling
(0.3%), area heating systems (5.3%), and electrical services such as water pumps (6.7
percent XBhattrai, 2015)

From 2005 to 2030, theveral energy demand of the commergurt will increase
2.5 times, 3.1 times, 4.3 times and 5.7 times to 13.2 times, 16.6 times, 22.9 times and
30.3 times.

Commercial Sector

)
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Figure 5-2 Commercial sector's energy intensity and intensity growth rate

Source(Bhattrai, 2015)
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Table 5: Trends in Energy Supply and Consumption, 19901 2014 (ktoe)

ltems

Total Primary
Energy Supply

Coal

Oil products
Natural gas
Hydro
Biomass

Total final Energy
consumption

Industry
Transport
Residential

Commercial and
public services

Agriculture/Forestry

Non-energy use

1990

5,789

49

244

75

5425

5761

106

111

5465

43

33

1995

6712

74

501

100

6039

6667

161

203

6170

60

60

2000

8108

258

713

216

7928

9050

388

275

8128

165

75

20

2005

9132

248

724

216

7928

9050

388

275

8128

165

72

20

2010

10211

303

983

276

8592

10107

449

637

8718

171

118

10

2014

11690

484

1359

326

9403

11534

665

858

9624

219

151

8

Source:(Agency, 2020)

Nepal's energy supply and consumption trends show an increase in energy consumption

in various sectors. Data recorded every five years from 1990 to 2014 show a gradual

increase in energy consption in all sectors. Energy consumption can be expected to

risefurther in theupcomingyears. From the data provided here in the table below, we

can see that the final energy consumption of the commercial sector increased from 43

kilotons of oil equivaént in 1990 to 219 kilotons of oil equivalent in 2014. The

increasing trend of cities and the improvement of the level of comfort, people will work

in the building for a longer time, especially the energy use of commercial buildings will

increase sharpland maintenance along with new construction. Better design of things

can be promising in energy policy. To minimize thewer consumption of these

buildings, heating, lighting and ventilation systems focus on energy efficiency.
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There are variety of usea the commercial sector, such as hotel facilities, health,
service, offices, department stores, etc. Supermarkets and department stores in this field
are used every day by all types of users because they have the daily needs of everyone.
Therefore, the flov of people in this service is constant. Also, as the load continues to

flow, energy demand is increasing y¢aund.

53. Energiysempti on i n Swepearmarekndtad at

stores

The use of energy in supermarkets and departmental stdvesasse of theiseof
electricity, natural gas, etdn the average supermarket, lighting and refrigeration
account for more than half of overall energy consumption, making these systems the
greatest sites to explore for enesgpring potential.

For super mar lsaitc@se s s o rmtnidnutehde qual ity of

experience, energy efficiency improvements may be essential.

54. Justification for the case

Supermarkets, departmental stores, and shopping malls are flourishing in Nepal in rapid
way promoting development the field of architectural and economic growilmere

are different supermarkets like Bhat babhateni, blue bird, Namaste, Nepal Bazaar, etc.
Among such, Bhat Bhateni is considered as one of the leading supermarket and
departmental store chain spreadimgkiathmandu valley as well as in major cities

around the country.Bhdd@h at e ni is one of Nepal 6s most

Publicoriented bhatbhateni building contains a large variety of products used in
peopl ebs daily us e .alsoSmaximuin heze a$ dne ean getfanyp e o p
essential product in a single building itself. By using the energy efficient BIPV in this
building, public interest on this may grow and be motivated to use of BIPV in other
sectors as wellt is not limited to Kathmadiu valley only, there are branches outside

valley also, so it will be beneficial all over the country.

Talking about the design of Bhatbahteni buildings, it is identical and architectural

uniformity maintained providing typical facade color, material, $&aion designs
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and plane geometry. The study for the single building can provide the solution for other

sSnenENaan__ -
- -

btz ||
| B |
| - |
|

Figure 5-4 Location Naxal Figure 5-4: Balaju Bhatbhateni
buildings as well. Similar techniquearc be applied fobhatbhateni designed the

future as well as other commercial buildings can get influengedi$.

55. BackgroofunBdlhat Bhateni Supermar ket

BhatBhateni Supermarkbte gan as a fAsingle shuttero 12
Mr. Min Bahadur Gurung, the company's Owner and Chairman, and has grown to
become Nepal's topuperstoreand departmenthan, as well as thpeaktaxpayer in

the industry, since 2008.D. There are currently 18tores suitably positioneith
Kathmanduas well as irothercities of NepalFrom our studies we found, the building
orientation, envelop treatment and space planminglfregion are quite similar.

56. Trend of bhatbhateni buil di ngs i

From 1984 BhatBhateni has
grown from a small shutter 12( g

sq ft cold store to becom‘fr:
Nepal's top grocery anc?:‘%{?

department chain store, as we.

as the maximum  taxee

contributor in the industry, 3[ n
with over 40,000 i '
consumersThere are currently

fifteen stores apprOp”ately Fiaure 5-5: Koteshwor Bhatbhateni

located insignificantKathmandu Valley and other in major cities of Nepal.
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Each level of Bhatbhateni in Anamnagar is equipped with various AHU. The complex
was chosen for study because it is equipped with a centralized air systems and is
operational for 6 months of the yearaddition, currently, great number of commercial
buildings are being built in private and government sectors in major cities of Nepal.
The energy consumption is comparatively high in commercial buildings; especially in
shopping malls due to air conditioning units.

Fiaure 5-6: Bhaktapur Bhatbhateni
Table 6: Location of different outlets of Bhatbhateni

2008 Maharapunj

2011 Koteshwor
2011 Boudha
2011 Pulchowk
2012 Pokhara
2012 Newroad
2013 Baluwatar
2014 Anamnagar
2014 Balaju

2014 Kalanki
2016 Bharatpur, chitwan
2016 Tripureshwor
2016 Dharan
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2017 Butwal
2017 Bhaktapur
2018 Biratnagar
2019 Satdobato
2020 Nepalgunj
2021 Itahari

Within just 13 years of time, bhatbhateni has establisi®edutlets, which is live a
dream now also. It has a very good number of satisfied customers rather than any other

supermarkets and departmental stores in Nepal.

The 19" branch of bhatbhateni i.e. Itahari, Sunsari opened just last week is considered
to be the largest one in Nepal. The flow of people in the inaugurated date was
unbelievable as it consists of different facilities than other. Playground is the center of
attraction for the people. It shows the popularity of bhatbhateni among the public. It is

expanding very rapidly all over the Nepal.

The maximum use of ctain wallhas significantly increased the energy demand of the
building. The aim to attain energy iefency and sustainability can be achieved by
alternation of the energy source used in the building. The free energy source i.e. sun
can be used for the energy generation with solar panels being used in the building

facade.

Most of the outlets of bhatbhaieare north oriented, Anamnagar bhatbhateni is south

oriented which is good for the retrofitting of facade with BIPV.
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57. Site I ntroduction

This bhatbhaeni Supermarket and Departmental store is located in Anamnagar,
Kathmandult is easily accessible froputalisadak, baneshwor, thapathali, anamnagar.

It is a fourand half storey building with the overdlibor area 0f35913sq.ft With a
centralized cooling system, the Energy level iscamditioned.

BHAT-BHATENI

TO ANAMNAGAR

TO BANESHWOR
MADAN BHANDARI ROAD 1

BIJULIBAZAR
ARC BRIDGE

Figure 5-8: Location map Figure 5-8: Site plan with sun path diagram

Bhatbhateni offers a wide variety of grocesffers @mprehensive selection of apparel,
cookware, sports, kids, furnishings, and electronic goods; and a wider array of big
global liquor, cosmetics, and makeup brafdde building is extended towards Nerth
South long axis with the main entry toward Soutthas rectangular plans and floors

are differentiated according to the flow and requirement of people.

5.7.1. Energy consumption

Bhatbhateni supermarket an ; A

departmental store depend mainly ¢
electricity, HVAC system, and
refrigeration.  Building  evelope g
modificaion play an importantole in
energy optimizatiorBIPV can also be j@& =7
utilized to improve the building )
performance envelope.As this Figure 5-9: Anamnagar Bhatbhateni

building uses energy all day for lighting purposes also, we can use BIPV in glazing for
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maximum energy generatiol.is ne@ssary to carry out the energy calculation from

BIPV from the facade by simulation through different soft wares for energy savings.

Day-to-day activities and energy consumption of the building were obtained from
survey of the site which helps in identifigi the energy consumption pattern. In this
area, 25068000 people visit daily in weekdays and 1A@EDO in SaturdayAlthough

the flow of people is less in Saturday but it does not affect the product3ssighlace

lies in the office spaces, so hereg fltow of people decreases in weekerusidays.

In the morning time, very few people visit here and huge flow of people after office

hours.Theopening hours of this building is7:30 a:6130 p.m.

Figure 5-10: Photos of Energy consumption (lighting)
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58. Buil ding description

5.8.1. Zoning of the building

Both horzontally and vertically, every
supermarket is divided in terms of differel
commodities. Parking is in basement, tl
ground floor is always used for the dail
basic commodities i.e. groceries, food stall

in outer space. It is always a good idea to |

food stalls outside the market because

shopping tires people down.
PPing Peop Figure 5-11: Vertical zoning

The first floor displays kitchen wares and other household items, second floor displays
the fashion and accessories with variety of choices. Similarly, the third floor consists
of leag purchase but with high profit electronics items. Small portion of the top floor
is used asestaurant ana service for HVAC chillers, motors, and water tanks and

larger portion for terrace.
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Figure 5-12: Ground Floor Plan Figure 5-13: First Floor Plan
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All floor have similar layout with display area toward nortidaescalator towards
south. The two zones are separated by the central lobby space. The west portion

contains a service area with elevator, staircase and toilet.

5.8.2. Building Envelope

Bhatbhateni Supermarket and Departmental store is one of the fastestggcbain
recognized by a blue facade in Nepal, which is same in all building envelope throughout
the country. The glazing is done mostly on the northern sides to admit ample light and

exposured heat is low on the north side.

;

Figure 5-12: View from Surface parking (East side)
ACPs are laid on the 9 inchitk walls that helps reducing the heat transfer into the

building considerablyOne of the greatest essential variables to address when analyzing

the structure envelope's performance characteristics is window size.

Table 7: Description of the building envelope

Description

Window area 2652.71 498 sq.ft. 151.11 sq.ft. 2218.628 5520.446
sq.ft. sq.ft. sq.ft.

Wall area 2670.58  4799.09 sq.ft. 3365.95 1404.75 sq.ft. 12240.4
sq.ft. sq.ft. sq.ft.

Gross Window-wall 49.83% 9.4% 4.29% 61.23% 31.08%

Ratio
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For energy retrofitting with BIPV in the facade, the area of the window and wall should
be well known. So, the above table is calculated with the dfetisawings available

from the Bhatbhateni. We an clearly see that south facade have large window and
north has lesso gain maximum amount of sunlight, there is maximum glazing at east

and south fagade.

5.8.3. Energy Load

The energydad calculation of the building determines the consumption of energy of
the buildingOverall energy can be evaluated by gathering the data relating to energy
system and component specificationdarious types of loads is due to energy
consumption by lighting, computer, Central AC, servimvices (liff escalator),

security sgtems, grocery freezer, eabout600lights are used here.

Lighting is the major component for the electricity consumption as the glazing in the
east is blocked by the stack racks for showcasing the inside products. Lights are in
operation from openingp closing of the building, only the lobby space lighting are

partially offed in the day.

HVAC system is the major consumer for the load. Centralized AC is installed in the

building which consists afoolerplants, AHU, fan coolingetc.

Electrical load ofthe building is due to the escalator, liftviotor, refrigerators
computer, power sockets, etc.

5.8.4. Utility bills

Electricity bill of 12 months i.e. last yeé2020)was collected to calibrate the building

energy model.

From the chart, we can see that maximunits is used in summer i.e. July and August
and less irFebruaryand March. Maximum unit is about 28000 units per month seen in

the month of August.
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Electricity bill

30000 500000 _
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< 25000 400000 &
X 20000 3
@ 300000 £
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Month of 2020

Units Amount

Figure 5-13: Electricity bill of Year 2020
As BIPV will be used for the electricity generati@verall powerconsumption units is

very necessarfor the energy simulation of the facaddais units will later be used in

the simulation process in Ladybug. To calculate the number of solar panels from the
equations provided, these units are equally important. Also, the amount paid is also
necessary toalculate the payback period after the installation of BIPh& bill helps

us to see the real scenario of the electricity consunmmedghout the year and potential
offset to be done by the power generated by the BIPVs. @ladhelp us how much

cod savings can be done in reality

5. Cli matudy
Kathmandu Valleyd6 s CIl i mat e

Kathmandu is Nepal's capital city, situated in latitude 27.7° and longitude 86.366°,
somewhat in the heart of the country at an elevation of 1, 337 meters above sea level.
The Warmer €mperate Zone encompasses this valley. Summer air temperatures from
28 to 30 degrees Celsius, while winter temperattn@s 3 to 10.1 degrees Celsius
(DHM/GoN). The annual precipitation ranges from 1,205 mm to 1871 mm. The
Kathmandu Valley's air qualitys idecreasing. The vision level is decreasing at a pace
of 1.2 kilometers each year. This clearly demonstrates that the Valley's fine particle

level has risen at an alarming réiRegmi & Adhikary, 2016)
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Figure 5-15: Diurnal variations of solar Figure 5-15: Mean monthly sunshine duration
radiation in Kathmandu Valley over KV

Above diagram showthe monthly mean values for solar radiation and sunshine diurnal
variations of solar radiation in Kathmandu Valleyhe average monthly sunlight
duration across Kathmandu Valley is depicted in figulé3remonsoon (MaiMay)

and postmonsoon (OetNov) months have greater sunshine exposure (about 8 hours
per day) than summers (3&ept) (approximately 5 hours per day) and winters {Dec
Feb) (approximately 7 hours per déMepal, 2020)

5.9.1. Temperature

The average temperature f (a0

. 3
Kathmandu is shown belovt shows 5,
the greatest average temperature

29.8 degrees Celsius in August and t 12

lowest average temperature of 12 5
0

degreeS Celsius in December. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

addition, the months of June throu¢  =®—MaxTemp =&=MinTemp. =&=Avg.Temp
September have the highe Figure5-16. Monthly temperature
temperatures, \h  temperatures Kathmandi Source:(Nepal, 202C
exceeding 29 degrees Celsiu

Temperatures in January and December are below 10 degrees Celsius. Kathmandu has

a temperate climate as a result.
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5.9.2. Solar Radiation

The moderate exposure to solar radiation is depictetiant. Forvirtually the entire
year, Kathmandu is exposed to sadiation. InApril, the maximum sun radiation was
4868 Wh/m2/day, while in July, the minimum solar radiation was 2040 Wh/m2/day.
As a result, solar gain would be substantially higher throughout the year. Rinaitty,

is the pasibility of usingsolar energy
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1000 I

" i - =4

=

Figure 5-17: Monthly average solar radiation of Kathmandu

Source:(Nepal, 2020)

510. Cal culfatri em zrngpaonél sol a

For the calculation of components of solar system, energy consumption of the whole
building should b well known. Thewverage consumptios 20000 Kwh per month and
666.67 Kwh per day. Now, as the energy from PV from facade alone is not sufficient
for the entire building, so for 60% of the total consumptjé@0 Kwh) BIPV is
designed for south and east facade of thilimgj.

The important thing for the calculation is the type of solar panel for the building. After
the market survey, from pienergy solar technology, PN&M solar module is used
for the further calculation below.
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5.10.1. Selection of Solar PV module

Here, The gstem voltage i24V.

1ststep: Now, expressing load in ampere hour ( Ahr)= total load/system voltage
= 400000/24
= 16666.67Ahr @24V

2nd step: larray=Total average daily loaid Ahr@system voltage
Peak sun X Deating factor X Columbic efficiency

Where, Columbic efficiency= 0.9
De-rating factor= 0.9

Peak sun=4.5
Now, larray = 16666.67 = 4572.47
4.5X0.9X0.9

3rd step: number of strings required, Ndaminal system voltage
Nominal module voltage
Ns= 24/48 ©.5

4th step: Number of required module, Ndagray Imp( Current of maximum power
of module)
Np = 4572.47/10.28= 444.79
(UsedPNG50096M Imp=10.28

Now, total number of modules, Nt = Np X N144.79 X0.5 222.40~223

5.10.2. Selection of Battery
For calculation of battery capacity:

Capacity of battery, C Bah X DOA
DOD X EFF

Dah = load in ampere hour

DOA= days of autonomy = 2

DOD = Depth of discharge= 80%=0.8
EFF = efficiency of battery= 60%=0.6

Now, Capacity of battery, C 36666.67X 2 = 69444.44h

0.8 X0.6

64



Battery of size70000 Ahshould be used for the storage

5.10.3. Selection ofDC/AC Inverter

The inverter's waveform must be pure sine wave, although the value of this sort of
inverter is slightly more than that of a square wave inverter. The below calculation is

useal to compute the nessary inverter's rated power,
Pinverter= P_load

PF* Efficiency

where,

Pinverter = Power rating of inverter (VA)
Pload = Load power Vatt)

PF = LoadPower factor

Efficiency = InverterEfficiency

Total power = 500*222.4 = 111198.29 W

Pinverter= total power
0.8*0.8

=173747.33VA

Ths surge power should be provided by the inverter. As a result, the chosen inverter's

total power shold be two to three times the projected power

In order to achieve the aforementioned, an inverter with a pow&r3t47.332=
347494.66/A =350000VA (350KVA) should be selected.
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From the above calculation, it is found t223 solar PVeach module wit 96 cells,

500 W of size 1956mm*1300mm*50mm should be used. If the energy generated is not
connected to the grid, then the battery of capacity 70000 Ah should be used. And the
inverter size is 350KVA.

These panels are placed accordi
in the south and safacade of the
case building. Out of 223 sola
panels, 103 panel¢éarea 2369

sq.ft) are placed in south and 1z
(area2760) in east facade a
shown in thdigure .. Placement of

solar PV is according to the are

of the facade, so east have high

numberthan south.

Figure 5-19: East elevation with solar panels
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Chapter 6. DataaAysi s

6.1. Energy Modelling and Simulation

Energy modelling was performed to calculate the solar radiation radiated on the
building envelope as only the hand calculation is not enough for the accurate results.
To calculate the typajze, and orientation of the solar PV, this simulation is important.

Grasshopper

A Transfer object to
Canvas

A Grasshopper
environment

R e

T A Model of the A Simulation PV panels
building energy production
Radiation Analysis

. A
Model of site ) L
surrounding A xiﬂﬁgzatlondata

A Model the PV as :
surface 1

Results

Sun hours in
building

AC power

DC power

PV panel
temperature
Total radiation

o Telolo  I»

Figure 6-1: Flow chart for the simulation process

The energy consuntipn surveyed were used hefde software used for the simulation

is Rhino with grasshopper plugin with ladybug plugin. This software is widely used in
other countriedor different type of simulation. For the energy modellingst-the
model wasmodelled in the rhino software and then the o#sgentiaplugins were
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used. Grasshopper is the plugin tool for rhino software, but it alone cannot perform the
necessary siulation for BIPV, so Ladybug plugin for grasshopper is used further for
energy simulation.

Figure 6-2: Case building modelled in rhino software

After the modelling of the buildingn the rhino softwaregrasshopper plugin was used
further. Grasshopper environment was used with the ladybug plugin. Threthiag

here in ladybug is the accurate connection between different parameters as shown
below.

a]

= F orientationstudyps

|
H
z
%
2
H
g
H
)
viRoc
Lo

Figure 6-3: Logical sequence of ladybug with grasshopper environment (Radiation
Analysis)
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First, in the environment of grasshopper, ladybug is added from the toolbar so that
analysis can be done latéFhe Kathmandu international Airport EPW filghe
evaluation duration, a vector being used as a true North direction, and the average size
of a grid cell for radiation assessment on the checking surfaces have been the input
parameters and information necessary to undertake the solar insolatiormexyperi

after the buildings and their 3Dhan environment were simulatedbfs and facades).

EPW file was used which was downloaded from epwmap of required area. EPW file is
used in open weather file tool loaded in the grassoenvironment as shown bet

with the toggle tool. The toggle tool has two options i.e., true and false. Double click
changes the option in the toggle bar, true loads the EPW file. This file is then connected
with the cumulative sky matrix which have different sky density. Agdiis is
connected to select sky matrix with analysis period. This analysis period helps to
calculate the solar radiation from speceriodof the day of the year to another time.
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Figure 6-4:a) Weather file b) Analysis period for the surface c) Radiation Analysis
with the building surface and with its necessary parameters

The connections of these parameters should be done very carefully dsraistake
will not give the result in the analysis process later. Now comes the major tool i.e.,
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radiation analysis, here, geometry for the analgstonnected by the brep command,
context is also addeck., the surroundings around the building. Seddanatrix used

before is connected her&@he grid size used here is 5 and Distance from the base is
given 0.1. This varies according to the site conditions.

After all the parameters are put and interconnected with each other, then run it is toggled
true for the simulation process. If the inputs are right then the boxes of different

parameters will turn grey as shown but if the colour is orange then one should check
the inputs. After the analysis is completed successfully, right side gives the expected

reailts which can be seen if connected with the panel as shown by the yellow box in
the above figure 3.

The total irradiation in kWh for every surface and the quantity of irradiation in

kwWh/mz2.year which penetrated the experimental geometries depictamblmuamesh
really are the results.
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Figure 6-5: Radiation on building a) 21st June b) 21st December

The irradiance analysis was used to determine thddgzste for solar implementation
was used whichan be seen in the figure above. Radiation analysis for thiu2g and

in 215 December was done as it is fbagest and shortest day throughout the yikar.
is found that maximum solar radiation is on ranfl then in south and east facade. Due
to the space limitation and functional space on roof, BIPV on soutkastdacade is
preferred here as it gains maenlight than other orientation of the building.
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6.2. Scenari o Cases

For the anulation process, a total of secenarios were developed regarding the type,
efficiency, orientation, placement and tilt angle. Scenario 1 deals with the
monocrystalline BIPV in aath facade with 15 % and 12% efficiency. Similarly,
scenario 2 deals with the intervention in east facade and south fagade both with same
efficiencies as in scenario 2. In scenario 3, the BIPV were divided into segments which
were retrofitted in the windowf both south and east facade.

BIPV was paced on the building's front usiraggrasshopper with a ladybug plungy
because the building was modelled using rhino. Other attributes, such as the inclination
angle of the PV surface, the azimuth angle of thesiiWace, the module installation
configuration, and the area proportion of the active module (the percentage of the
module surface without the gap between Module frame and battery), are required in

addition to the characteristic simulation of PV modules.

The ladybug component that calculates PV system loss and DC to AC conversion is the
"DC-AC derating factor".

Table 8: List of Scenario cases

Cases Description
Scenario 1 Mono- crystalline BIPV in South facade

Scenario 1la With efficiency15%

Scenario 1b With efficiency 20%

Scenario 2 Mono- crystalline BIPV in South and Eastfacade
Scenario 2a With efficiency 15%

Scenario 2b With efficiency 20%

Scenario 3 BIPV in segments in South and East facade
Scenario 3a 30 Tilt angle with 14 % efficiency thifilm PV in

window and 20% efficiency BIPV in wall of facade
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Scenario 3b 60 Tilt angle with 14 % efficiency thifilm PV in
window and 20% efficiency BIPV in wall of facade

6.3. ScenaBi ®VM:south fa-ade

As the building was alread

modelled in rhino, now
BIPV was placed in th
south facade of the builty
in the grasshopper wit
ladybug plugin.

After the EPW file was
added in the grasshopp
environment, it WasFigure 6-6: Solar PV in south facade

connected to PV surface added from the toolfbafurther process. In PV surface,
different inputs were put to different parameters. PV surface was added from the model
with brep command, PV surface percent was 90 as some space is occupied by the
connections between the panels.

PV module setting wasonnected to the another simplified PV module with
configuration used mount type Ground mount arrays, tilted flat/sloped roof arrays,
pole-mount photovoltaic arrays, solar canopy, and BIPV systems with appropriate back
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Figure 6-7: Logical sequence of ladybug with solar PV setting with different parameters
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ventilation all were utilizedn this arrangemerts shownabove with mount type
number 2. Emperature coefficienised wa -0.5 and the percentage of active module
area used was 90%ourly AC energy created for a year, total yearly AC energy output,
and daily average AC energy outgdat a year, hourly DC energy output of the PV
array for a year, hourly solar energy irradiation, hourly cell temperature for a year, and
system size were among the information obtained.

For the 3d charts of the results, legend parameters helps to visu#tizeore than 20
colour schemes, number of segments, high bound to low bound.

6.3.1. Scenario 1 §: Module efficiency with 15%

As all the parameters are same except the efficiency of solar PV used in the south facade
of the building. With the module efficiepof 15%, following results were found.

Hourly total solar irradiation

It is the overall incidence POA (Plane of array) irradiation expressed in kWh/m2 for
every hour of yeait can be dipcted that the maximum solar radiation on the surface
falls on winter season on 12 pm to 6 pm and as we know that at night we have zero

solar radiation.

12 AM

12PM KWh/m2

0.50<

0.40
0.30
0.20
0.10

12 AM <0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6 AM

Total POA irradiance (kWh/m2) - Hourly
KATHMANDU_INTL_ARPT_NPL
1 JAN 1:00 - 31 DEC 24:00

KATHMANDU_INTL_ARPT_NPL
1 JAN 1:00 - 31 DEC 24:00

Figure 6-8: Hourly total solar irradiation

Cell temperature

It is theCell temperature for each hour duringgy measured iGelsius
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1 JAN 1:00 - 31 DEC 24:00

Figure 6-9: Cell temperature generated for a year

Hourly AC generated for a year

It is the AC power output for each hoduring a year measuredkiVh.

12 AM

12 PM kwh

5.00<
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3.00
2.00
1.00

12 AM <0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

AC power output (kWh) - Hourly
KATHMANDU_INTL_ARPT_NPL
1 JAN 1:00 - 31 DEC 24:00

Figure 6-10: Hourly AC generated for a year
DC energy output

It is the DC power output for each hour during a year measuiatin

12 AM

12 PM

12 AM

DC power output (kWh) - Hourly
KATHMANDU_INTL_ARPT_NPL
1 JAN 1:00 - 31 DEC 24:00

s change

Figure 6-11: DC energy output

Yearly AC energy output

It is the total AC power output for a whole year meagunekWh. Total AC power
obtained is 31607.76 kWh.
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Daily average AC energy

It is the average daily AC power output per day for a whole year measured in kWh /day.

Daily average AC power is 92.98 Kwh/day.

6.3.3. Scenario 1 b): Module efficiency with 20%

The outpus received hourly total salaradiation andhourly cell temperaire for a year
were same as 15 % efficiency as the position of the sun i.e. the azimuth angle of the sun
was same as above.

Hourly AC energy output for a year, total yearly AC energy outpaity average AC
energy output for a year, hourly DC energy output of the PV array for a year, and system

size were the differences.

Hourly AC generated for a year

It is the AC power output for each hour during a year measured in kwWh.

12 AM

12 PM kWh
5.00<
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3.00
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12 AM <000
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AC power output (kWh) - Hourly
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1 JAN 1:00 - 31 DEC 24:00

Figure 6-12: Hourly AC generated for a year

Yearly AC energy autput

It is the total AC power output for a whole year measurekiih. Total AC power
obtained $45210.67&kWh.

Daily average AC energy

It is the average daily AC power output per day for a whole year measured in KWh /day.

Daily averag AC power$ 123.8 Kwh/day.
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DC energy output

It is the DC power output for each hour during a year measured in kWh.

12 AM

12 PM KWh
5.00<

4.00

3.00
2.00
1.00

12 AM <0.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

DC power output (kWh) - Hourly
KATHMANDU_INTL_ARPT_NPL
1 JAN 1:00 - 31 DEC 24:00

Figure 6-13: DC energy output

System size

It is theDC rating of the PVystem measured in kW. The system size of this PV was

found50.47kW.

64 ScenaBi ®V2in South and East

All the parameters were assigned same

the scenario 1, the difference is tt
addition of BIPV in east facade. The tot
area of the facade in which the PV wi
placed is 717 sq.m. (SoutB80 sg.m.,
East 437 sg.m) as shown in the adjace

figure.

~

Like s@nario 1, here also two scenar_ _
Figure 6-14: Solar PV in south and east

cases were simulated.

6.4.1. Scenario 2 a): Mbdule efficiency with 15%

Here, the azimuth angle for south i

118.29 . These parameter i s iThd oatpuesn t

after the simulation is shown below:
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Hourly total solar irradiation

It is the total Incident POA (Plane of array) irradiance for each hour durirggma y
measured in kWh/m2. It can be dipcted that the maximum solar radiation on the surface
falls on winter season on 12 pm to 6 pm and as we know that at night we have zero

solar radiation.

12 AM

. kWh/m2

- 0.50<
045
0.40

Eil z EITT
- - ' : H ]
| | ;

i | ] 0.35

0.30

12PM L ; 0.25

I o .
Bl

0.20
0.15
0.10

-005

<0.00

AZAN Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Total POA irradiance (KkWh/m2) - Hourly
KATHMANDU_INTL_ARPT_NPL
1 JAN 1:00 - 31 DEC 24:00

Figure 6-15: Hourly total solar irradiation in both south and east facade

Hourly AC generated for a year

It is the AC power output for each hour during a year measured in kWh.
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Yearly AC energy output

It is the total AC poweputput for a whole year measured in kWh. Ta&&l power
obtained $ 83344.5&Wh.
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Daily average AC energy

It is the average daily AC power output per day for a whole year measured in kWh /day.
Daily average AC powesi228.3Kwh/day.

DC energy output

Itis the DC power output for each hour during a year measured in kWh.

12 AM
6 PM

12PM .kwh

5.00<
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3.00
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.1.00
<0.!

0.00
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DC power output (KWh) - Hourly
KATHMANDU_INTL_ARPT_NPL
1JAN 1:00 - 31 DEC 24:00

System size

It is theDC rating of the PV ystem measured in kW. Thetal systemsize of this PV
is found 97.0%W.

6.4.2. Scenario 2 B: Module efficiency with 20%

All other parameters are agentioned above and the efficiency of the module is change

from 15 to 20 %. As greater efficiency panels are good for long run.

The outputs received hourly total solar irradiation and hourly cell temperature for a year
were same as 15 % efficiency as tbhsipon of the sun i.e. the azimuth angle of the sun
was same as above.

Theother differences are shown below:

Yearly AC energy output

It is the total AC power output for a whole year measuneklWh. Total AC power
obtained$ 111126.1 kWh.
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Daily averageAC energy

Itis the average daily AC power output per day for a whole year measured ifd&yvh

Daily average AC powesi304.45 Kwh/day.

System size

It is theDC rating of the PV ystem measured in KW. The total system size of this PV
was found 129.38W.
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Figure 6-16: Result of Radiation Analysis of 21st December

65. Scen&r iBodl PV i n both south and

In this scenarioa total of 345
smaller segment$0.3 m width
and length variespf thin-film
were retrofitted in the glazing of
the south and east facade ‘
shown in the adjacent figure
Rest of the feade with ACPs
were retrofitted with mono

crystalline BIPV in both southFigure 6-17: Thin-film solar segments retrofitted in

and east facade. glazing
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Thin- film solar PVs are used for its light weight, transparency and due to aesthetic
purposes.

Solar radiation analysis was done fof'Zlecember and maximum rad@t can be
seen in the south facade of the building as shown in the figure below.

For the thirfilm PV retrofitted in the glazing of the fagade, 14% efficiency was used
and for the ACPs area, 20% efficiency mamgstalline was used in the south and east
facade of the case building. The results of the@nario are as follows:

6.5.1. Scenario3: (20% efficiency in rest of facade)

It is same for both scenarios 3a and 3b, the result obtained here were later added to the
results for different tilt angle obtainesgparately in the further process. The results are
as follows:

Yearly AC energy output

It is the total AC power output for a whole year measurekiin. Total AC power
obtained s 11101.4kWh.

Daily average AC energy

It is the average daily AC power outiper day for a whole year measured in kidéy.
Daily average AC powesi78.01Kwh/day.

System size

It is theDC rating of the PV ystem measured in KW. The system size eftthnfilm
PV isfound to be 51.58W.

6.5.2. Scenario 3 & Module with 30 degree iit angle

6.5.3. Scenario 3 ): Module with 60 degree tilt angle

The results from the both the scenario 3a and 3b with 14% efficiencfilthisolar
panels are shown below with the addition of the scenario 3 to both for total solar in
south and east facade.
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30 20% Total 60 20% Total
kWh 2847458 11101.4339576.3 14637.3 11101 25739
KWIVIRY 20415 7801 108425 21415 7801  99.43
kw

37.34 5158 88.92 37.34 51.58 88.92

From the table, it can be seen that themtiee 14% efficiency thifilm transparent

solar tilted at 30 degree from the ground gives better result than that of 60 degree tilted
from the ground. The other remaining facade is treated with the 20% efficiency mono
crystalline solar PV, which is saner both the scenario. So, different analysis for the

tilt angle was done and later added with the remaining facade as shown above.

6.6. Compar idciofnf eoef e a &

The yearly AC generatedaily average AC energy and the system sizing fibove
scenariogre compared with each oth&@he comparison is shown in the table below.

Table 9: Comparison of different parameters of different scenarios

kWh 31607.76 45210.67 83344.58 111126.1 39576.30 25739

Kwh 92.98 123.86 228.34  304.45 108.42826 99.43
/day 9

kw  37.85 50.47 97.05 129.39 88.92 88.92
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Yearly AC energy output

Yearly AC kWh

SCENARIGB

SCENARIGA

39576.3

111126.1

SCENARIZB

SCENARIA 83344.58

SCENARICB

SCENARIDA 31607.76

I
0 20000 40000 60000 80000 100000 120000

Figure 6-18: Comparison of yearly AC energy output of different
scenarios

In the chart shown abovécan be depicted that the maximum AC generation for a year
is for scenario 2b that is the BIPV used in both south and east facade with 20%
efficiency and the least can be seen in the scenario 1a, i.e., the BIPV in south facade

with 15% efficiency.

Daily Average AC energy output

AVERAGE DAILY AC

m Scenario-1am Scenario-1b= Scenario-2a

m Scenario-2tm Scenario-3ar Scenario-3b

Figure 6-19: Comparison of daily average AC of different scenarios
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As the AC power for a year is maximum in scenario 2b, so the average daily AC is
also same.
DC system size

The DC system sizing of the solar panel is also maximum for scenario 2, as the area

of BIPV is more in thiscenario

Comparison of DC system size of solar panel with that cglurfacearea:

DC SYSTEM SIZE

m Scenario-1a m Scenario-1b = Scenario-2a ® Scenario-2b = Scenario-3

Figure 6-20: Comparison of DC system size of different scenarios
Here comparing DC system size with that of surface area placed in the fagade of the
building, maximum can be seen in scenario 1b with 20% efficiency PV panels in the

south facade anahinimum in the scenario 1a with 15% efficiency PVs.

Comparison of Yearly AC output of solar panel with that of surface area :

By comparison of yearly AC output of Solar PVs with the surface arear) ibe
depicted that scenario Hves maximum i.e135 kWh/sq.ft.and scenario 3a showed

the poor performance with just 5.52Vh/sq.ft.
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Table 10: Comparison of Yearly AC output of solar panel with surface area

kWh 31607.8  45210.7 83344.6 111126 39576.3 25739

sq. 3349.02  3349.02 8586.43 8586.43 7164.778 7164.778
kWh/sq. 9.437913 13.49967 9.706546 12.94206 5.52373 3.592435

Comparison of Yearly AC output of solar panel with that of total energy
consumption:

By comparison of yearly AC output of Solar PVs with the surface area, it can be
depicted that scenario 2b gives maximum i.e. 46.3% of total energy consumption of the
building and scenario 3b with the tHilm with 60 degree tilt angle showed poor
performance

Table 11: Comparison of Yearly AC output with total energy consumption

kWh 31607.8 45210.7 83344.6 111126 39576.3 25739

sg.ft.  3349.02 3349.02 8586.43 8586.43 7164.778 7164.778

kwh  2633.98 3767.556 6945.38 9260.50 3298.02 2144.917

13.1699 18.83778 34.72691 46.3025 16.49013 10.72458

6.7. Fi ncanal Anal ysi s

The PV components used for the solar installations should be chosen wisely so that
initial investments are low. Despite the wide variety of BIPV, from market analysis, it
was found that crystalline silicon PV modules are widely used by the public as they are
cheap and easy in installation process.

For cost analysis, the DC system size and annual AC output from the above analysis
are used. From the market analysis, it was known that price of PV module varies from
smaller to larger units installation. As it is larger quantity, the cost of mono
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crystalline solar PV is Fifty rupees. This cost is multiplied by the system size so that
we can obtain the initial cost of module. addition, the electricity cost saved by
installation of solar system is calculated oyltiplying the cost of unit electricity to

that of the annual AC generation from the solar panels.

Table 12: Cost comparison of different scenarios

kW

37.85 50.47 97.05 129.39

Rs. 1892500 2523500 4852500 6469500 4446000 4446000
kWh  31607.76 45210.7 83344.6 111126 39576.3 25739

Rs 537331.9 768581.4 1416858 1889144 67207.1 437563
2

Rs 53733.19 76858.14 141685.8 188914.4 67279.71 43756.3
2

Years 3.913368 3.64814 3.80537 3.80507 7.34248  11.2898
4

From the above table we found thia¢ payback period of the scenario 1b is less than
other scenarioLikewise scenario3b takes maximum time to recover the initial
investment of the solar panéhitial cost has a major role to play in setting up with
BIPVs. As it is well known that the initial investment for BIPVs are hightbetfacade

could reimbuse not only the initial costs but also be a source of income in the long run.
The life of the BIPVs are up to 25 years so the payback period helps to calculate the
benefit for the future. From the above calculations, scenario la ani2é payback

periad of 34 years will justify the investment by the own@fter these years, there

will be benefit to the owner for next 22 years.
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Chapter 7. Findings and Discussions

This research was done with the aim to provide an appropriate BIPV to Bhatbhateni
building atAnamnagar so that it can tackle future crisis. The energy consumption of
the building was studied and energy modelling was performed to vispaliameters.
Theenergyconsumptiorchargegor thesummeiseasois double than that of the winter
season. Thauilding is dependent fully upon mechanical aandificial system for

operation.

Different findings were obtained for the six scenarios developed ea{zenergy
generatedor a yearpverallAC, and daily average AGourly DC energyhourly total

sdar radiation hourly cell temperature, ar®iC systemwere among the information
obtained.Thefindings recommenthat maximum energy generation from BIPV used

in both south and east facade of the building PV efficiency 20%, temperature coefficient
-0.5 was found in scenario 2b when compared with other scenario developed during the
simulation procesdn addition scenario 1b was considered good with the comparison
of yearly AC output with the surface area. From the financial analysis, it can be depicted
that the minimum payback period for the BIPVs were of scenarios 1a and 2b with 3.6

and 3.8 years respectively.

From the comparison of manual calculation to that of the simulated results, it can be
depicted that the area of solar PV is less than simulagaligeAlso, manual calculation

gave more energy generation thhatof scenario2b which was considered good from

the simulation proces3his can be due to the consideration of solar radiation in the
building in the simulation process in different timanth and yar from the EPWile

loaded in ladybug software. In manual calculation no such factors were considered.
Also, the placement of the solar panel impacts the power generation as in the simulation
process, the surrounding were also present and BVBk¢ placed in the building

facade.
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Chapter 8. Concl usiecommedndRat i on

The main objective of this research is to find outgbssibility of BIPV in the facade

of thecommercial building oKathmandu thahas beemachievedy thecalculation and
simulatian results of different scenario cases. The engegyerated by BIPVis mainly
dictated by daily average AC and yearly AC output placed in the building facade
Basically performance of the solar PVs mainly depend upon the orientation, tilt angle,
shading placement, dar radiation from the suretc. which should be taken into

consideration while placing these BIPVSs.

The comparison between different scenario cases concluded that the BIPV with 20%
efficiency retrofitted in both south and east fagadegia@ maximum power output.
Hence energy retrofit with BIPV in the existing facade of the building can reduce the
dependency in fossil fuel that ultimately helps in the reduction of GHGs that creates

clean environment. BIPV can also be used as the migygmeth other resources.

BIPVs can play a significant role in buildings in tapping the solar energy potential
especially in country like Nepal where there is a good amount of sunshine throughout
the yearUse of BIPVs in the buildings helps in reducing tise of fossil fuels which

are nonrenewables. As these are clean source and energy efficient, use of BIPVs should

be encouraged

Some recommendation on further studies such as orientation as the above study have
not done research on all the orientationilding types, climate to the impact of the
BIPVs.
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Anndx Checkl i st

Type of the building

Working hours

Working days/week

Building occupancy

Flow of the people

Area of the building

Orientation of the building
Architectural drawings of the building

Electricity bill of last year
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